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GEF-H1b: BIOMARKERS, COMPLEXES, ASSAYS AND 
THERAPEUTIC USES THEREOF 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This application is a Non-Provisional of US Applications 
60/460,053 filed 04/04/2003, and 60/393,600, filed 07/05/2002, which 
are both incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The instant invention relates to diagnosing abnormal cell 
proliferation in biological samples and screening for drugs which inhibit, 
reduce or abolish cell growth, especially tumorigenic cell growth, by 
detecting a phosphovariant isoform of a novel guanine nucleotide 
exchange factor biomarker. 

BACKGROUND OF THE INVENTION 

[0003] Guanine nucleotide exchange factors ("GEFs") stimulate 
the dissociation of the GTP hydrolytic product, GDP, from small GTP- 
binding proteins, to promote the binding of a new GTP molecule. In doing 
so, this GEF-facilitated exchange of GDP for GTP is associated with 
structural changes in the GTP-binding protein which influence the degree 
to which the GTP-binding protein can interact with other molecules. 
When GTP is bound, for instance, Ras proteins can interact with effectors 
and other molecules to affect cell proliferation, differentiation and 
apoptosis. 

[0004] The possible importance of GEFs in the spatial localization 
of changes in the actin cytoskeleton is beginning to be understood. See, 
Shamah et al., Cell, 20:1 05(2) :233-44, 2001. From an evolutionary 



Atty. Dkt. No.: 038602-1610 



perspective this spatial control is satisfied in that the distant relative S. 
cerevisiae Cdc24, a GEF for Cdc42, plays a key role in targeting 
cytoskeletal changes to different spatial domains of the cell in response to 
different signals O'Shea et al., Nature Cell Biol., 2(3):E39-41, 2000. 

[0005] Thus, existing techniques and current knowledge have 
not used nor addressed the interactions of GEF-H1 with other proteins as 
a means by which cell proliferation can be controlled or the detection and 
treatment of cancerous, tumorigenic cells and tissues be developed. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, the present invention envisions an isolated 
nucleic acid encoding the GEF-H1S polypeptide of SEQ ID NO:2, as well 
as an isolated nucleic acid comprising the sequence of SEQ ID NO:1 . In 
this context, the invention also contemplates an isolated GEF-H1S 
polypeptide comprising the sequence of SEQ ID NO:2. 

[0007] In another embodiment, an isolated nucleic acid encoding 
the GEF-H1 peptide of SEQ ID NO:3 is provided. The invention also 
envisages a peptide consisting essentially of the sequence of SEQ ID NO. 
3. In similar fashion, one other embodiment provides an isolated nucleic 
acid encoding the GEF-H1 peptide of SEQ ID NO:4. In another 
embodiment, a peptide consisting essentially of the sequence of SEQ ID 
NO. 4 is also provided. In a preferred embodiment, a GEF-H1 polypeptide 
is provided that lacks the amino acid region between residues 1 62 and 
354 of SEQ ID NO. 2. In a preferred embodiment, the GEF-H1 is GEF- 
H1S. The present invention envisions phosphorylated forms of any one of 
these GEF-H1 peptides, polypeptides and proteins. Thus, in one 
embodiment, peptides comprising the sequences described in SEQ ID 
NOs. 2, 3 or 4, that contain at least one phosphorylated residue, are 
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provided. In a preferred embodiment, the phosphorylated residue is a 
serine. In a preferred embodiment, the serine is serine-67 and/or serine- 
810 of SEQ ID NO. 2. In another embodiment, serine-67 is present in a 
peptide of less than 30 amino acids that comprises the sequence of SEQ 
ID NO. 4. In another embodiment, the peptide comprising the sequence 
of SEQ ID NO. 4 is less than 25 amino acids in length. Preferably, this 
peptide is less than 20 amino acids in length. In a more preferred 
embodiment, the peptide comprising the sequence of SEQ ID NO. 4 is 1 8 
amino acids long. 

[0008] In another embodiment, serine-810 is present in a peptide 
of less than 30 amino acids that comprises the sequence of SEQ ID NO. 
3. In another embodiment, the peptide comprising the sequence of SEQ 
ID NO. 3 is less than 25 amino acids in length. Preferably, this peptide is 
less than 20 amino acids in length. In a more preferred embodiment, the 
peptide comprising the sequence of SEQ ID NO. 3 is 1 8 amino acids long. 

[0009] The present invention also contemplates antibodies raised 
to detect any one of these peptides, polypeptides or proteins. Thus, in 
one embodiment, a GEF-H1 -specific antibody is provided that is raised 
against, and binds to, a peptide comprising the sequence described in 
SEQ ID NO. 3. In another embodiment, a GEF-H1 -specific antibody is 
provided that is directed against, and binds to, a peptide comprising the 
sequence described in SEQ ID NO. 4. Antibodies of the present invention 
may be labeled. Preferably the label is a fluorescent label or a radioactive 
label. 

[0010] In another embodiment, the antibody is a part of a 
diagnostic kit used for performing the inventive methods described herein. 
Thus, in one embodiment, the kit includes a first container containing the 
antibody and a second container having a conjugate of a binding partner 
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of the antibody and a label, such as, for example, a radioisotope. In 
another embodiment, the diagnostic kit may also include notification of an 
FDA approved use and instructions therefor. 

[001 1] In yet another embodiment, a hybridoma cell line which 
produces an antibody having specific binding affinity to a GEF-H1 
polypeptide or a polypeptide domain is provided. 

[0012] In yet another embodiment, a GEF-H1 -specific antibody is 
directed against, and binds to, phosphorylated GEF-H1 peptides. Thus, 
one embodiment realizes a peptide comprising the sequence described in 
SEQ ID NO. 3 that possesses a phosphorylated serine. Preferably, the 
phosphorylated serine in that peptide is serine-810 of SEQ ID NO. 2. In 
another embodiment, the GEF-H 1 -specific antibody is directed against, 
and binds to, a peptide comprising the sequence described in SEQ ID NO. 
4, wherein serine-67 is phosphorylated. The numbering of these serines 
in SEQ ID NOs. 3 and 4 as serine-810 and serine-67 respectively indicates 
the numbering of the full-length protein sequence of GEF-H 1, specifically 
GEF-H1S of SEQ ID NO. 2. 

[0013] Other peptides envisioned by the present invention 
include a peptide comprising at least one of SEQ ID NO. 6 or SEQ ID NO. 
20. In another embodiment, a peptide consisting essentially of at least 
one of SEQ ID NO. 6 or SEQ ID NO. 20 is provided. In yet another, 
embodiment, a peptide of less than 30 amino acids comprising the 
sequence of SEQ ID NO. 6 is provided. In another embodiment, the 
peptide comprising the sequence of SEQ ID NO. 6 is less than 25 amino 
acids in length. Preferably, this peptide is less than 20 amino acids in 
length. In a more preferred embodiment, the peptide comprising the 
sequence of SEQ ID NO. 6 is 18 amino acids long. 
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[0014] In yet another embodiment, a peptide of less than 30 
amino acids comprising the sequence of SEQ ID NO. 20 is provided. In 
another embodiment, the peptide comprising the sequence of SEQ ID NO. 
20 is less than 25 amino acids in length. Preferably, this peptide is less 
than 20 amino acids in length. In a more preferred embodiment, the 
peptide comprising the sequence of SEQ ID NO. 20 is 18 amino acids 
long. 

[0015] Nucleic acids encoding GEF-H1 proteins of the present 
invention also are contemplated. Thus, in one embodiment, a 
polynucleotide comprising the sequence of SEQ ID NO. 1 is provided. In 
another embodiment, a polynucleotide encoding the polypeptide described 
in any one of SEQ ID NOs. 2, 3, 4, 6 or 20 is provided. In yet another 
embodiment a nucleic acid molecule that is less than 90 nucleotides in 
length and which encodes a peptide comprising the sequence described in 
SEQ ID NO. 3 or SEQ ID NO. 4, is provided. Preferably, the 
polynucleotide is less than 75 nucleotides in length, more preferably less 
than 60 nucleotides in length and most preferably 54 nucleotides in 
length. 

[0016] The present invention also contemplates a vector 
comprising the polynucleotide encoding a GEF-H1S protein comprising the 
sequence described in SEQ ID NO. 2. In another embodiment, the vector 
is present in a cell. In another embodiment, the vector comprises a 
polynucleotide comprising a sequence of SEQ ID NOs. 3 or 4. In another 
embodiment, the vector is present in a cell. 

[0017] Another embodiment of the invention is a cell comprising 
a nucleic acid comprising the nucleotide sequence of SEQ ID NO. 1 . In 
yet another embodiment, a cell is provided that contains a protein 
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comprising the sequence described in SEQ ID NO. 2. In another 
embodiment, the cell is a bacterial, fungal or mammalian cell. 

[0018] The present invention provides an isolated GEF-H1 /protein 
complex, wherein a protein binds to GEF-H1 to form the complex. In one 
embodiment, the protein in the complex is a kinase. Thus, the present 
invention envisions a GEF-H1 -kinase complex. In a further embodiment, 
the kinase is a serine and/or threonine kinase. In a preferred embodiment 
the kinase of the GEF-H1 -kinase complex is a p-21 activated kinase 
("PAK"). In a more preferred embodiment, the PAK is selected from the 
group consisting of PAK4, PAK5 and PAK6. In an even more preferred 
embodiment, the PAK of a GEF-H1/PAK complex is PAK4. 

[0019] The present invention provides methods to identify 
substances, such as compounds, chemicals, drugs, proteins or nucleic 
acids, that inhibit, or modulate, the interaction between GEF-H1 proteins 
and PAK proteins, or which inhibit, or modulate the kinase activity of 
PAK. In a preferred embodiment, the PAK protein modulated or inhibited 
by an identified substance is PAK4, PAK5 or PAK6. Most preferably, the 
PAK is PAK4. In another embodiment, an identified substance modulates 
or inhibits GEF-H1S binding to PAK proteins, or modulates the expression 
levels of GEF-H1 genes. 

[0020] In another aspect of the invention, a method ("method 
1 ") for detecting PAK4 activity in a sample is provided. This method 
comprises detecting the presence or level of phosphorylated GEF-H1 in 
the sample, wherein the detection of phosphorylated GEF-H1 indicates 
that the sample also contains at least one active PAK4. In one 
embodiment, the GEF-H1 comprises the sequence described in any one of 
SEQ ID NOs. 2, 3 or 4. In another embodiment, the PAK4 is detected in 
a sample of cells. In another embodiment, the sample is a preparation of 
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proteins isolated from a cell lystate. In another embodiment, the cells are 
tumor cells. In a preferred embodiment, tumor cell is in a mammal. In yet 
another embodiment, the mammal is selected from the group consisting 
of a human, rat, mouse, dog, rabbit, pig, sheep, cow, horse, cat, primate, 
goat, or monkey. In a most preferred embodiment, the mammal is a 
human. 

[0021] In yet another aspect, a method of identifying a 
substance that modulates the interaction between PAK4 and GEF-H1 
polypeptide is provided by the present invention. This method comprises 
(a) exposing a GEF-H1 polypeptide to a candidate substance to form a 
mixture; (b) introducing into the mixture a PAK4 enzyme; and then (c) 
measuring the amount of GEF-H1 polypeptide phosphorylated before and 
after exposing the GEF-H1 polypeptide to the candidate substance. In 
one embodiment, a decrease or increase in the amount of phosphorylated 
GEF-H1 polypeptide after exposure to the candidate substance indicates 
that the candidate substance is a substance that modulates the 
interaction between PAK4 and GEF-H1 polypeptide. In a preferred 
embodiment, the GEF-H1 polypeptide comprises the sequence of any one 
of SEQ ID NO. 2, SEQ ID NO. 3 or SEQ ID NO. 4. 

[0022] A method ("method 2") of identifying a substance that 
modulates the interaction between PAK4 and GEF-H1 polypeptide is also 
provided herein. This method comprises (a) exposing PAK4 to a 
candidate substance to form a mixture; b) introducing into the mixture a 
GEF-H1 polypeptide; and then (c) measuring the amount of GEF-H1 
polypeptide phosphorylated, wherein a decrease or increase in the amount 
of phosphorylated GEF-H1 polypeptide in comparison to a control in which 
PAK4 is not exposed to the candidate substance indicates that the 
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candidate substance is a substance that modulates the interaction 
between PAK4 and GEF-H1 polypeptide. 

[0023] In a preferred embodiment, the GEF-H1 polypeptide 
comprises the sequence of any one of SEQ ID NO. 2, SEQ ID NO. 3 or 
SEQ ID NO. 4. 

[0024] In another embodiment, the step of determining whether 
GEF-H1 is phosphorylated in methods 1 or 2 is performed by using a GEF- 
H1 -specific antibody directed against a peptide comprising at least one of 
phosphorylated serine-810 of SEQ ID NO. 2 or phosphorylated serine-67 
of SEQ ID NO. 2. 

[0025] In a preferred embodiment, the candidate substance 
causes a decrease in total levels of GEF-H1 phosphorylation. 

[0026] In another aspect, a method ("method 3") for identifying 
a substance that modulates the interaction between PAK4 and GEF-H1S 
is provided by the present invention. This method comprises (i) 
contacting a candidate substance with a GEF-H1/PAK4 complex and then 
(ii) determining whether the compound disrupts the complex. In a 
preferred embodiment, the GEF-H1 is GEF-H1S comprising the sequence 
of SEQ ID NO. 2. 

[0027] Yet another method ("method 4") is provided by the 
present invention and is used to determine whether a candidate substance 
inhibits PAK4 kinase activity in a mammal. This method comprises (i) 
measuring, in a mammal, the level of phosphorylation of a GEF-H1 protein 
comprising the sequence of SEQ ID NO. 2; (ii) exposing the mammal to a 
candidate substance; and then (iii) measuring in the mammal the level of 
phosphorylation of the GEF-H1 protein, wherein a decrease in the level of 
phosphorylation of the GEF-H1 protein in step (iii) relative to the level 
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measured in step (i) indicates that the candidate substance is an inhibitor 
of PAK4 kinase. In another embodiment, the detection of phosphorylated 
GEF-H1 proteins after administration of the candidate substance indicates 
that the drug may not inhibit PAK4 kinase activity. In another 
embodiment, the ratio of the level of GEF-H1 phosphorylation before 
application of the candidate substance to the level of GEF-H1 
phosphorylation after application of the candidate substance, is also 
determined by comparing the ratio to a "background" level of GEF-H1 
phosphorylation cells and/or cell lysates that have not been treated with 
the candidate substance. 

[0028] In a preferred embodiment, the mammal is a human, rat, 
mouse, dog, rabbit, pig, sheep, cow, horse, cat, primate, goat, or 
monkey. In a most preferred embodiment, the mammal is a human. 

[0029] The candidate substance identified by any one of the 
methods described herein may be used, for example, to treat cancer, 
reduce cell proliferation or reduce anchorage-independent cell growth. 
Thus, a method ("method 5") for treating cancer in a mammal is 
envisioned by the present invention, comprising administering to the 
mammal a substance identified by one of the present methods as 
modulating or inhibiting GEF-H1 activity or modulating or inhibiting PAK4 
and GEF-H1 interaction. 

[0030] In yet one other aspect, the present invention provides a 
method ("method 6") for determining the presence of activated PAK4 in a 
cell sample. Preferably, the cell sample is a tumor cell sample. This 
method comprises (i) obtaining a cellular lysate from a cell sample; (ii) 
isolating and/or separating proteins from the cell lysate preparation; and 
(iii) detecting the presence of GEF-H1 phosphovariants. In one 
embodiment, the detection of GEF-H1 phosphovariants having 
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phosphorylated serine-810 or serine-67, indicates that the cell sample 
comprises activated PAK4. 

[0031] In a preferred embodiment, the level of GEF-H1 
phosphorylation in this and other methods described herein is determined 
using whole cells in an ELISA assay using GEF-H1 -specific antibodies. 

[0032] Another aspect of the present invention involves a 
method ("method 7") for detecting cell proliferation, cell motility and/or 
cell invasion in a mammal. This method comprises monitoring the 
phosphorylation level of GEF-H1 at, at least, two timepoints (i.e., 
timepoint A and at least one other timepoint, B), in a sample taken from 
the mammal, wherein an increase in the phosphorylation level of GEF-H1 
in the sample between the timepoints, is indicative of cell proliferation, 
cell motility and/or cell invasion. 

[0033] In a preferred embodiment, the GEF-H1 is a GEF-H1S 
protein comprising the sequence of SEQ ID NO. 2. 

[0034] In yet another embodiment, the sample of method 7 is 
obtained from the mammal's skin, blood, or cells. In one embodiment, 
the cells are tumor cells. 

[0035] In another embodiment, the mammal is selected from the 
group consisting of a human, rat, mouse, dog, rabbit, pig, sheep, cow, 
horse, cat, primate, goat, or monkey. Most preferably, the mammal is a 
human. 

[0036] In another method ("method 8") contemplated by the 
present invention, peptides comprising the sequence of SEQ ID NO. 3 or 4 
are administered to cells or cell lysate preparations to competitively inhibit 
the phosphorylation of endogenous GEF-H1 proteins. In one embodiment, 
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these peptides are administered in excess, i.e., at such a high 
concentration that they bind to essentially all PAK4 proteins. In another 
embodiment, peptides less than 30 amino acids in length that comprise 
either SEQ ID NO. 3 or SEQ ID NO. 4 are provided. Preferably, these 
peptides are less than 25 amino acids in length, more preferably less than 
20 amino acids in length and most preferably are 18 amino acids in 
length. 

[0037] Thus, the present invention also envisages a method 
("method 9") for treating cancer in an individual, comprising inhibiting 
GEF-H1 activity in the individual. In a preferred embodiment, the GEF-H1 
is at least one of GEF-H1M, GEF-H1S or GEF-H1U. In a most preferred 
embodiment, the GEF-H1S comprises the amino acid sequence described 
in SEQ ID NO. 2. 

[0038] In another embodiment, the step of inhibiting GEF-H1 
activity comprises inhibiting expression of an endogenous gene encoding 
said GEF-H1 . In yet another embodiment, the GEF-H1 activity is inhibited 
in or near a population of cancerous cells present in said individual. The 
expression of a gene encoding GEF-H1 may be inhibited or down- 
regulated by techniques known in the art, such as antisense technology 
and RNA interference. Accordingly, one may use single- or double- 
stranded nucleic acids, (i.e., DNA or RNA) in accordance with such 
methods to bring about disruption, or to terminate translation of, the 
mRNA transcript associated with a GEF-H1 gene, or by affecting the 
transcription of a GEF-H1 gene itself. 

[0039] Another aspect of this invention provides a method 
("method 10") for reducing cell proliferation and anchorage-independent 
cell growth in a cell sample, comprising inhibiting GEF-H1 activity in the 
cell sample. In one embodiment, the GEF-H1 is at least one of GEF-H1 M, 
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GEF-H1S or GEF-H1 U. In another embodiment, the GEF-H1 is preferably, 
GEF-H1S that comprises the amino acid sequence described in SEQ ID 
NO. 2. 

[0040] In one aspect of the present invention, an isolated 
polynucleotide encoding a polypeptide comprising the amino acid 
sequence of SEQ ID NO. 21 , but no other group II PAK amino acids, is 
provided. In a preferred embodiment, the polypeptide is capable of 
binding to a guanine-nucleotide exchange factor, whereupon it prevents 
PAK4-mediated phosphorylation of guanine-nucleotide exchange factor, or 
reduces the level of PAK4-mediated phosphorylation of guanine-nucleotide 
exchange factor. In another embodiment, binding of the "SEQ ID NO. 21 
polypeptide" to a guanine-nucleotide exchange factor prevents or reduces 
the level of phosphorylation by any of group II PAK-mediated 
phosphorylation of the guanine-nucleotide exchange factor to which the 
polypeptide is bound. In a preferred embodiment, the polypeptide is 
capable of binding to amino acids 763-921 of GEF-H1S. 

[0041] According to the present invention, a polypeptide may 
comprise only parts of SEQ ID NO. 21, as long as that polypeptide can 
still bind to GEF-H1 isoforms, and as long as the polypeptide does not 
comprise any other amino acid sequences of the PAK4 protein or of any 
other group II PAK isoform. Thus, a polypeptide of the present invention 
may comprise amino acids 276-324 of PAK4 (i.e., SEQ ID NO. 21), or 
amino acids 280-324, or amino acids 285-324, or amino acids 291-324, 
or amino acids 298-322 {i.e., SEQ ID NO. 22). 

[0042] Thus, in one embodiment, the present invention provides 
an isolated polynucleotide encoding a polypeptide consisting essentially of 
the amino acid sequence of SEQ ID NO. 21, or consisting essentially of a 
part of SEQ ID NO. 21 . As used herein, the phrase "consisting essentially 
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of" excludes other amino acids of group II PAK proteins except those of 
SEQ ID NO. 21. 

[0043] In another embodiment, the isolated polynucleotide 
encodes a polypeptide consisting of the amino acid sequence of SEQ ID 
NO. 21. 

[0044] A polynucleotide encoding SEQ ID NO. 21 may be 
operably linked to a second polynucleotide that encodes a second protein 
or polypeptide unrelated to PAK. Thus, the present invention envisions 
SEQ ID NO. 21-, and SEQ ID NO. 22-DNA constructs that express fusion 
proteins comprising either or both of SEQ ID NO. 21 and/or SEQ ID NO. 
22, and at least one other protein or polypeptide. 

[0045] In yet another embodiment, the isolated polynucleotide 
encodes a polypeptide that has at least 70% sequence identity to the 
amino acid sequence of SEQ ID NO. 21, and wherein the polypeptide is 
capable of binding to a guanine nucleotide-exchange factor. 

[0046] In another embodiment, the isolated polynucleotide 
encodes a polypeptide comprising the amino acid sequence of SEQ ID NO. 
22, but no other group II PAK amino acids, is provided. In a preferred 
embodiment, the polypeptide is capable of binding to a guanine-nucleotide 
exchange factor, whereupon it prevents or reduces the level of PAK4- 
mediated phosphorylation of guanine-nucleotide exchange factor. In 
another embodiment, binding of such a "SEQ ID NO. 22 polypeptide" to a 
guanine-nucleotide exchange factor prevents or reduces any of group II 
PAK-mediated phosphorylation of the guanine-nucleotide exchange factor 
to which the polypeptide is bound. 

[0047] In another embodiment, the isolated polynucleotide 
encodes a polypeptide consisting essentially of the amino acid sequence 
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of SEQ ID NO. 22, or consisting essentially of a part of SEQ ID NO. 22. 
As used herein, the phrase "consisting essentially of" excludes other 
amino acids of group II PAK proteins except those of SEQ ID NO. 22. 

[0048] In yet another embodiment, the isolated polynucleotide 
encodes a polypeptide consisting of the amino acid sequence of SEQ ID 
NO. 22. 

[0049] In a further embodiment, the isolated polynucleotide 
encodes a polypeptide that has at least 90% sequence identity to the 
amino acid sequence of SEQ ID NO. 22, and wherein the polypeptide is 
capable of binding to a guanine nucleotide-exchange factor. 

[0050] In another aspect of the present invention, a polypeptide 
consisting essentially of the amino acid sequence of SEQ ID NO. 21, is 
provided. In one embodiment, the polypeptide comprises a label. In 
another embodiment, the label is selected from the group consisting of 
biotin, HIS-tag, radiolabel, flurophores, and chromophores. 

[0051] In yet another aspect of the present invention, a 
polypeptide consisting essentially of the amino acid sequence of SEQ ID 
NO. 22 is provided. In one embodiment, the polypeptide comprises a 
label. In a preferred embodiment, the label is selected from the group 
consisting of biotin, HIS-tag, radiolabel, flurophores, and chromophores. 

[0052] The present invention also provides a polypeptide 
consisting essentially of an amino acid sequence that has at least 70% 
sequence identity with SEQ ID NO. 21, wherein the polypeptide is capable 
of binding to a guanine nucleotide-exchange factor. 

[0053] Further, a polypeptide consisting essentially of an amino 
acid sequence that has at least 76% sequence identity with SEQ ID NO. 
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21 is provided, wherein the polypeptide is capable of binding to a guanine 
nucleotide-exchange factor. 

[0054] In yet another aspect, a recombinant polypeptide is 
provided, which comprises an amino acid sequence that has at least 70% 
sequence identity with the amino acid sequence denoted by residues 276- 
324 of p21 -activated-kinase 4, and at least one other polypeptide 
sequence, wherein the recombinant polypeptide does not comprise the 
amino acid sequence denoted by residues 1-275 of p21 -activated-kinase 
4, nor the amino acid sequence denoted by residues 325-985 of p21- 
activated-kinase 4. Nor does the recombinant polypeptide comprise any 
other group II PAK polypeptide sequences. 

[0055] In one embodiment, the polypeptide comprises a label. In 
a preferred embodiment, the label is selected from the group consisting of 
biotin, HIS-tag, radiolabel, flurophores, and chromophores. 

[0056] Thus, any of the polypeptides of the present invention 
may be labeled so that they can be detected, easily manipulated or 
isolated from a sample. 

[0057] The present invention also provides a polypeptide 
consisting essentially of an amino acid sequence that has at least 90% 
sequence identity with SEQ ID NO. 22, wherein the polypeptide is capable 
of binding to a guanine nucleotide-exchange factor. 

[0058] In another aspect, a recombinant polypeptide is provided, 
which comprises an amino acid sequence that has at least 70% sequence 
identity with the amino acid sequence denoted by residues 298-324 of 
p21 -activated-kinase 4, and at least one other polypeptide sequence, 
wherein the recombinant polypeptide does not comprise the amino acid 
sequence denoted by residues 1-297 of p21 -activated-kinase 4, nor the 
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amino acid sequence denoted by residues 325-985 of p21 -activated- 
kinase 4. Nor does the recombinant polypeptide comprise any other 
group II PAK polypeptide sequences. 

[0059] In a further embodiment, a polypeptide comprising an 
amino acid sequence that has at least 70% sequence identity with the 
amino acid sequence denoted by residues 276-324 of p21 -activated- 
kinase 4 is provided. In one embodiment, this polypeptide does not 
comprise the amino acid sequence denoted by residues 1-275 of p21- 
activated-kinase 4, and does not comprise the amino acid sequence 
denoted by residues 325-985 of p21 -activated-kinase 4. Nor does the 
recombinant polypeptide comprise any other group II PAK polypeptide 
sequences. 

[0060] In yet another embodiment, a polypeptide comprising an 
amino acid sequence that has at least 90% sequence identity with the 
amino acid sequence denoted by residues 298-324 of p21 -activated- 
kinase 4 is provided. In one embodiment, the polypeptide does not 
comprise the amino acid sequence denoted by residues 1-297 of p21- 
activated-kinase 4, and does not comprise the amino acid sequence 
denoted by residues 325-985 of p21 -activated-kinase 4. Nor does the 
recombinant polypeptide comprise any other group II PAK polypeptide 
sequences. 

[0061] The present invention also envisions a pharmaceutical 
composition comprising a polypeptide that consists essentially of, or 
consists of the amino acid sequence of SEQ ID NO. 21 , or part thereof, or 
SEQ ID NO. 22. In a preferred embodiment, such a polypeptide is capable 
of binding to a GEF-H1 isoform. 
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[0062] The present invention also provides a method for 
detecting the presence of a guanine nucleotide-exchange factor in a 
biological sample. The method comprises: 

[0063] (i) incubating a biological sample with a p21 -activated- 
kinase-derived polypeptide, and 

[0064] (ii) determining if any of the p21 -activated-kinase-derived 
polypeptide is bound to a guanine nucleotide-exchange factor, 

[0065] wherein (a) the p21 -activated-kinase-derived polypeptide 
comprises an amino acid sequence that has at least 90% sequence 
identity with the amino acid sequence denoted by residues 298-324 of 
p21 -activated-kinase 4, 

[0066] (b) the p21 -activated-kinase-derived polypeptide does not 
comprise the amino acid sequence denoted by residues 1-297 of p21- 
activated-kinase 4, and 

[0067] (c) the p21 -activated-kinase-derived polypeptide does not 
comprise the amino acid sequence denoted by residues 325-985 of p21- 
activated-kinase 4. 

[0068] In one embodiment, the p21 -activated-kinase-derived 
polypeptide comprises a label. In a preferred embodiment, the label is 
selected from the group consisting of biotin, HIS-tag, radiolabel, 
flurophores, and chromophores. 

[0069] In another embodiment of the method, the step of 
determining if any of the p21 -activated-kinase-derived polypeptide is 
bound to a guanine nucleotide-exchange factor, comprises removing 
unbound, radiolabeled p21 -activated-kinase-derived polypeptide from the 
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biological sample, and then measuring the level of radioactivity in the 
sample. 

[0070] In yet one other aspect of the present invention, is a 
method of inhibiting PAK4 mediated phosphorylation of a guanine- 
nucleotide exchange factor. This method comprises exposing a guanine- 
nucleotide exchange factor to a polypeptide consisting essentially of the 
amino acid sequence of SEQ ID NO. 21, wherein the polypeptide binds to 
the guanine-nucleotide exchange factor, thereupon inhibiting some or all 
of PAK4-mediated phosphorylation of the guanine-nucleotide exchange 
factor. It is possible that the phosphorylation of GEF-H1 by other group II 
PAK proteins also can be similarly inhibited by this method. 

[0071] In one embodiment, the guanine-nucleotide exchange 
factor is in a biological sample, such as in a tissue, cultured cells, or 
isolated cells. In another embodiment, the biological sample is obtained 
from a mammal. In a preferred embodiment, the mammal is a human, 
mouse, rat, pig, cow, rabbit, dog, cat, horse, goat, primate, or monkey. 
In a most preferred embodiment, the mammal is a human. 

[0072] In a further embodiment, the step of exposing the 
guanine-nucleotide exchange factor to the polypeptide comprises 
administering to a mammal a pharmaceutical composition that comprises 
the polypeptide. In a preferred embodiment, the pharmaceutical 
composition comprising the polypeptide is any one of a tablet, aerosol, 
powder, liquid, gel, cream, suppository. 

[0073] The present invention also provides a method for 
identifying a molecule, which disrupts an interaction between PAK4 and a 
guanine-nucleotide exchange factor. This method comprises (a) exposing 
a guanine-nucleotide exchange factor to a polypeptide consisting 
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essentially of the amino acid sequence of SEQ ID NO. 21, wherein the 
polypeptide binds to the guanine-nucleotide exchange factor to form a 
complex; 

[0074] (b) adding one or more test molecules to the complex; 

and 

[0075] (c) determining whether the polypeptide and the guanine- 
nucleotide exchange factor are dissociated from one another after the test 
molecule(s) is added to the complex. 

[0076] The present invention also encompasses a method of 
inhibiting PAK4-mediated phosphorylation of a GEF-H1 isoform, 
comprising introducing into a cell a vector that comprises a 
polynucleotide, which encodes the polypeptide of SEQ ID NO. 21, wherein 
the polynucleotide is expressed to produce the polypeptide, and wherein 
the polypeptide binds to a GEF-H1 isoform in the cell, thereby inhibiting 
PAK4 phosphorylation. In a preferred embodiment, the vector does not 
encode any other group II PAK polypeptide sequences. 

[0077] By "inhibiting" it is understood that all, most, or some of 
the normal phosphorylation activity of a PAK protein, especially that of 
PAK4, is reduced when a GID-containing polypeptide is bound to a GEF- 
H1 isoform. "GID" is defined below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0078] Figure 1: Direct binding of GEF-H1 to PAK4. Lysates 
were prepared from 293T cells over expressing (a) myc tagged PAK4 
alleles or subdomains and incubated with GST, GST-GEF-H1 (787-921) 
and GST-Maguin-like bound to Glutathione beads (1,2,3,4 bead 
designation) or (b) GFP-GEF-H1 and incubated with PAK4 biotinylated 
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peptides (291-355) and (276-324) linked to streptavidin beads. An 
equivalent amount of beads and excess lysates (500ug) were used. 
Eluates of beads and total lysates were analysed by SDS-PAGE and 
immunoblotted with myc or GEF-H1 antiserum; (c) represents a PAK4 
gene schematic outlining the regions of PAK4 used to identify the GEF-H1 
interaction domain (GID). d, alignment of the GID defined by the minimal 
binding region of PAK4 with PAK5 and PAK6 . 

[0079] Figure 2: The interaction between PAK4 and GEF-H1 
occurs in tumour cells, (a) Human tumour cell lysates from A549, 
HCT1 16 and H1299 were immunoprecipitated with Protein G beads 
linked with anti-PAK4, anti-GEF-H1 and anti-PAK4 preimmune sera. Bead 
eluates were analysed by western blotting using anti-GEF-H1 antiserum. 

(b) Double immunofluorescence of H1299 cells showing co-localization of 
PAK4 and GEF-H1 (red) with the cis-golgi associated protein -COP(green) 
and partial co-localization with the trans-golgi marker, wheat germ 
agglutinin (blue). 

[0080] Figure 3: PAK4 phosphorylates GEF-H1 in vitro and in 
vivo, (a) In vitro kinase assay shows that purified GST, GST-GEF- 
H 1(763-921) and GST-Maguin-like protein are phosphorylated by PAK4. 
The negative control autophosphorylation reaction is the reaction mix 
without substrate. A concentration gradient of reaction substrate is 
indicated by the triangles; (b) A weighted PAK4 substrate consensus 
aligned to phage display hits(above the broken line). Asterisk indicates the 
phospho-acceptor site. An amino-terminal GEF-H1 peptide (below broken 
line) with a predicted phosphorylation site is marked with "*"; 

(c) In vivo phosphorylation of GEF-H1 by PAK4 is demonstrated in a 
western blot of co-transfected lysates were probed with phosphospecific 
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anti-HA antisera (lower panel). The amount of total GEF-H1 was detected 
with HA antiserum (upper panel). 

[0081] Figure 4: Morphological effects of GEF-H1 alleles. NIH- 
3T3 cells were transfected with EGFP-tagged GEF-H1 alleles; GEF-H1S (I), 
GEF-H1 SS810A (II), GEF-H1 S S67A (III), GEF-H1S S67,810A (IV), GEF- 
H1 Q312M,R313G (V) and vector EGFP (VI). GFP fluorescence was used 
to detect expression of GEF-H1 (left panels) and fluorescent-phallicidin 
was used to monitor cytoskeletal rearrangements (right panels). 

[0082] Figure 5: PAK4 regulates lamellipodia formation and 
stress fibre attenuation through phosphorylation of Ser810. (a) NIH-3T3 
cells were transfected with PAK4 and GEF-H1S alleles and examined by 
fluorescence imaging of EGFP for GEF-H1 alleles, PAK4 constructs were 
identified by immuno-staining using HA antiserum followed by anti-mouse 
fluorescent rhodamine conjugate for PAK4 and fluorescent coumarin- 
Phallicidin to label actin. a, PAK4 (I) and the mutants PAK4 S474E (II) and 
PAK4 K350,351 A (III) co-transfected with the control EGFP. b, GEF-H1S 
co-transfected with PAK4 alleles as for a, (Mil). GEF-H1S S810A, GEF- 
H1S S67A and GEF-H1S Q312M,R313G together with PAK4 S474E (IV- 
VI). Arrows highlight lammellipodia induction for cells co-expressing 
PAK4S474E and GEF-H1S or GEF-H1S S67A. Asterisks mark cells with 
stress fibres induction. Scale bar represents 10 (am. 

[0083] Figure 6: PAK4 signalling through GEF-H1 M to the actin 
and MT cytoskeletons. NIH-3T3 cells were co-transfected with GEF-H1 
and PAK4. Expression of GEF-H1 and PAK4 was detected by fluorescence 
imaging of EGFP for GEF-H1 and PAK4 antiserum (#933) followed with 
anti-rabbit fluorescent rhodamine for PAK4. Fluorescent coumarin- 
phallicidin was used in to examine the actin cytoskeleton. Anti-p-tubulin 
followed by anti-mouse marina blue conjugate was used to stain for the 
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MT cytoskeleton. In (a) GEF-H1M together with PAK4 and the mutant 
PAK4 S474E are shown. Arrows highlight actin-rich lamellipodia.in cells 
co-expressing GEF-H1M and the mutant PAK4 S474E; (b) GEF-H1M 
together with vector and the mutants PAK4 S474E and PAK4 
K350,351 A are shown. Note the non-polarized partial dissolution of the 
MT cytoskeleton in the presence of the mutant PAK4 S474E .Scale bar 
represents 1 0 |im. 

[0084] Figure 7: Model for reciprocal regulation of Rac and Rho 
in vivo, (a) GEF-H1 in a non-phosphorylated state retains basal 
constitutive Rho activity; (b) PAK4 can regulate GEF-H1 by 
phosphorylation leading to simultaneous Rac activation and inhibition of 
constitutive Rho signalling. 

[0085] Figure 8. Phosphorylation scores of GEF-H1 proteins and 
peptides, (a) Peptide phospho-isomers derived from potential regulatory 
regions, used to confirm phosphorylation sites. Residues printed in red are 
prephosphorylated and block phosphorylation in vitro) (b) A combination 
of deletion and site-directed mutants used to physically located PAK4 
phosphorylation on the GEF-H1 protein. 

[0086] Figure 9. Conservation of GEF-H1 with Cdc24. 
Conservation of residues with Cdc24 are shaded in pink and yellow. 
PAK4 phosphorylation sites are highlighted by asterisks on the weighted 
consensus is which is aligned to the putative regulatory regions conserved 
with Cdc24. 

[0087] Figure 1 0 is a schematic of the GEF-H1S gene, illustrating 
the positions of phosphorylated serine residues 67 and 810 in relation to 
key domains of the GEF-H1S protein; the so-called, "DH" domain and the 
"PH" domain. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0088] In U.S. 60/393,600, various GEF-H1 isoforms were 
denoted "GEF-H1 a," "GEF-H1 b," and "GEF-H1 c." Those same isoforms 
are now denoted herein as "GEF-H1 M," "GEF-H1 S," and "GEF-H1U." 
Accordingly, "GEF-H1 a," is the same as "GEF-H1 M"; "GEF-H1 b," is the 
same as "GEF-H1 S"; and "GEF-H1 c," is the same as "GEF-H1 U." 

[0089] Of these GEF-H1 splice isoforms, GEF-H1S consists 
essentially of residues 1-921 of GEF-H1, and also contains a 7 amino acid 
"mini-exon." GEF-H1S does not comprise an N-terminal zinc finger 
domain. By contrast, the amino acid sequence of GEF-H1M contains a 
zinc finger domain, which is involved in microtubule binding. The 
sequence of GEF-H1M is identical to the full length version of GEF-H1, 
i.e., residues 1-985, described in Krendel et aL, supra. 

[0090] Thus, the present invention provides a novel GEF isoform, 
"GEF-H1 S," that is a biomarker of cell proliferation and a target for 
screening candidate drugs to treat cancer. The inventors discovered that 
by detecting a certain phosphorylation state of GEF-H1 isoforms, they 
could determine whether or not a cell is tumorigenic or shows abnormal 
cell growth. 

[0091] GEF-H1 is an guanine nucleotide exchange factor that 
belongs to the "Dbl family" of exchange factors (Ren et aL, J. Biol. 
Chem., 273(52); 34954-60, 1998). A novel GEF-H1 S gene (SEQ ID NO. 
1) described herein comprises 2763 nucleotides and encodes a protein 
(SEQ ID NO. 2) of 921 amino acids that has a predicted molecular weight 
of approximately 104 kD. Common to all family members, including GEF- 
H1S, are the "DH" and "PH" domains. See, Chan, et aL, Oncogene, 
9(4) :1 057-63, 1994; and Musacchio et al., Trends Biochem. Sci., 



-24- 



Atty. Dkt. No.: 038602-1610 



18(9):343-8, 1993. Typically, enzymatic activity resides in the DH 
domain which facilitates exchange of GDP to GTP in proteins belonging to 
the Ras superfamily of Rho GTPases. The DH domain of GEF-H1S 
(i.e., SEQ ID NO. 2), is located within the amino acids residing at 
positions 162 and 354 of the GEF-H1S protein. The PH domain is located 
between amino acids 396 and 496. The present invention also relates to 
GEF-H1 peptides that do not comprise the DH domain, but do comprise 
one or more phosphorylation sites. 

[0092] As described in detail below, cells that overexpress GEF- 
H1 are anchorage independent and proliferate abnormally. Furthermore, 
such cells are able to form tumors when implanted into athymic nude 
mice. Accordingly, one may prevent or reduce the incidence of such a 
phenotype by downregulating or inhibiting expression of GEF-H1. 

[0093] The novel GEF-H1S protein having the sequence 
described in SEQ ID NO. 2, is associated with, and phosphorylated by, 
the serine/threonine-protein kinase, p-21 activated kinase 4 ("PAK4"). 
Two regions in the GEF-H1S protein are phosphorylated by PAK4, namely 
serine-810 and serine-67. "Serine-810" and "serine-67" refer to amino 
acids at positions 810 and 67 of the GEF-H1S protein, i.e., of SEQ ID NO. 
2. However, other GEF-H1 proteins also comprise serine residues at 
those positions and within the general phosphorylation recognition site. 
The "phosphorylation recognition site" refers to the short stretch of amino 
acid residues either side of the phosphorylatable serine/threonine residue 
that are recognized by a particular kinase. Accordingly, the terms "serine- 
810" and "serine-67" refer to phosphorylatable serine residues in any one 
of a number of GEF-H1 proteins. It is conceivable that a threonine residue 
at those positions (i.e., at positions 810 and 67 of SEQ ID NO. 2) would 
also be phosphorylated by a kinase. 
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[0094] Thus, any GEF-H1 peptide comprising the denoted serines 
(bold, underlined) in residues 807-824, RRRSLPAGDALYLSFNPP (SEQ ID 
NO. 3), and in residues 55-72, RQSLLGSRRGRSSLSLAK (SEQ ID NO. 4), 
are phosphorylated by PAK4. Other GEF-H1 proteins include GEF-H1M 
and GEF-H1U. The former is described in Ren et a/., J. Biol. Chem., 
273(52): 34954-60, 1998; and Krendel et a/., Nat. Cell Biol., 4(4): 294- 
301, 2002. GEF-H1U is described in Reddy & Chatterjee, Cancer Res., 
49(7): 1763-7, 1989. The present invention envisions peptides less than 
30 amino acids in length that comprise either SEQ ID NO. 3 or SEQ ID 
NO. 4. Preferably, these peptides are less than 25 amino acids in length, 
more preferably less than 20 amino acids in length and most preferably 
are 18 amino acids in length. Accordingly, the present invention also 
contemplates polynucleotides that encode peptides comprising the 
sequence of either SEQ ID NOs. 3 or 4. That is, the present invention 
envisions polynucleotides less than 90 nucleotides in length that encode a 
peptide comprising the sequence described in SEQ ID NO. 3 or SEQ ID 
NO. 4. Preferably, the polynucleotide is less than 75 nucleotides in 
length, more preferably less than 60 nucleotides in length and most 
preferably 54 nucleotides in length. 

[0095] Accordingly, serine-810 and serine-67 of these GEF-H1 
isoforms will be phosphorylated in the presence of PAK4. Therefore, 
while the present invention contemplates the measurement of GEF-H1S 
phosphorylation as an indicator of PAK4 activity, the invention also 
encompasses the phosphorylation of GEF-H1M and GEF-H1U isoforms. 
Thus, the "total" GEF-H1 phosphorylation level is indicative of the 
cumulative phosphorylation states of GEF-H1 proteins comprising a 
peptide sequence described in SEQ ID NOs 3 or 4; i.e., GEF-H1M, GEF- 
H1S and GEF-H1U. 
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[0096] This information leads to the prediction that a 
phosphorylation consensus sequence for GEF-H1 is, from N-terminus to 
C-terminus, "RBSZXG" (SEQ ID NO. 6) or "RBSZXL," (SEQ ID NO. 20), 
where R is arginine, B is a basic amino acid, S is serine, Z is a 
hydrophobic amino acid, X is any amino acid, G is glycine, and L is 
leucine. At some phosphorylation sites in GEF-H1 , the C-terminal amino 
acid residue is a glycine, while at other sites, the residue is a leucine. 
Accordingly, any peptide comprising this consensus sequence structure is 
potentially a target for phosphorylation by PAK4, and such peptides can 
be used in assays according to the present invention. Furthermore, any 
peptide that consists essentially of the RBSZXG and/or the RBSZXL 
consensus sequences is potentially a target for phosphorylation by PAK4, 
and such peptides can be used in assays according to the present 
invention. 

[0097] PAK4 is overexpressed in human tumor cell lines and, 
along with other members of the PAK family of kinases, is implicated in 
the regulation of cell morphology and motility. See, for instance, Callow 
etal., J. Biol. Chem., 4;277(1 ):550-8, 2002; Abo et a/., EMBOJ., 
17(22):6527-40, 1998; Gnesutta etal., J. Biol. Chem, 276(1 7): 1 441 4-9, 
2001; Qu etal., Mol. Cell Biol. , 21 (1 0):3523-33, 2001; and Dan etal., 
J. Biol. Chem., 276(34):321 1 5-21 , 2001. The "PAK4" protein referred 
to herein is also described in WO 99/53036 and United States Patent No. 
6,013,500. Other PAK enzymes may phosphorylate GEF proteins such as 
GEF-H1. It is contemplated that PAK5 and PAK6 may phosphorylate a 
GEF-H1 comprising the phosphorylation sites of SEQ ID NOs. 3 or 4. 
PAK5 has been described by Pandey et a/., Oncogene, 21(24): 3939-48, 
2002 and Dan eta/., Mol. Cell Bio/., 22(2): 567-77, 2002. PAK6 is 
described in Yang etal., J. Biol. Chem., 276(18): 15345-53, 2001. 
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[0098] Overexpression of PAK4 induces localized actin 
polymerization and the formation of filopedia, and consequently, changes 
in the actin cytoskeleton of the cell can be attributed to PAK4 activity. 
Furthermore, PAK kinases have been implicated in oncogenic Ras-driven, 
anchorage-independent cell growth and in the regulation of cell survival. 
Callow et a/., 2002, for instance, demonstrated that an activated PAK4 
has the ability to transform cells, but that the inactive form ("kinase- 
dead") blocks Ras-dependent, anchorage-independent cell proliferation. In 
general, tumor cells do not require anchorage and can grow in 
suspension. Anchorage-independent cell proliferation is a hallmark of 
tumorigenic cells. Accordingly, PAK4 is strongly implicated in 
tumorigenesis and that it may be particularly important for Ras 
transformation. 

[0099] In that light, studies described herein reveal that GEF-H1 
is a substrate for PAK4, and that it is phosphorylated by the activated 
form of the kinase. Accordingly, by detecting the phosphorylation state 
of GEF-H1 , one is able to determine whether PAK4 is active or inactive. 
Therefore, one may ascertain whether a cell or tissue sample is 
proliferating or showing signs of abnormal cell growth or morphology. 
Thus, GEF-H1 is an excellent biomarker of PAK4 activity and is extremely 
useful for screening for drugs and compounds that may block PAK4 
activity. For instance, a drug that alters the phosphorylation state of GEF- 
H1 may be one that acts directly or indirectly to inhibit the PAK4 kinase 
and, thereby, ameliorate, reduce or, ideally, abolish cell proliferation. 
Therefore, by monitoring the phosphorylation pattern of GEF-H1 , in the 
presence and absence of candidate drugs, one may identify potential 
cancer therapies. 
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[0100] An assay in this context involves (i) obtaining a cellular 
lysate from a test sample; (ii) isolating and/or separating proteins from the 
cell lysate preparation; and (iii) detecting the presence of GEF-H1 
phosphovariants, i.e., serine-810 and/or serine-67 phosphorylated GEF-H1 
proteins. In this respect, one could determine whether the level of 
phosphorylation of total GEF-H1 protein in the cell lysate of the test 
sample is abnormal by comparing that level to the phosphorylation level of 
total GEF-H1 protein isolated from a control cell sample. A control cell 
sample is a sample of cells that are of the same cell type as the test 
sample, but which are isolated from a mammal or from a source that is 
known to be healthy, i.e., from mammalian wild-type cells. The control 
cell sample may be isolated from the same individual from whom the test 
cell sample is isolated. The mammal may be a human, rat, mouse, dog, 
rabbit, pig, sheep, cow, horse, cat, primate, goat, or monkey. 

[0101] Thus, the ratio of the level of GEF-H1 phosphorylation 
between the test and control samples is expected to be greater in test 
samples that possess either (i) a larger number of active PAK4 kinases or 
(ii) that possess PAK4 kinase enzymes with a faster rate of catalytic 
activity. Cells involved in motility, proliferation and cellular invasion, for 
instance, are likely to have greater PAK4 activity, and therefore, a greater 
level of GEF-H1 phosphorylation than other types of non-motile cells. In 
this respect, tumor cells and cells of the immune system {i.e., 
macrophages) are examples of cells that are involved in motility, 
proliferation and cellular invasion. Examples of tumor cells include those 
from cancers of tissues and cancers of hematopoietic origin. 

[0102] Steps (iii) of the method outlined in the preceding passage 
can be achieved by using GEF-H 1 -specific antibodies. Thus, the present 
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invention provides phosphospecific antibodies that target the 
phosphorylated form of GEF-H1. 

[0103] To measure the phosphorylation state of GEF-H1 , one 
may employ any one of a number of known protocols. For instance, one 
may detect phosphospecific antibodies that bind to GEF-H1 or GEF-H1- 
PAK complexes as described in Example 9 below. A GEF-H1-PAK 
complex refers to a physical interaction between the GEF-H1 protein and 
a PAK protein, such that the two proteins are bound to one another. The 
proteins of the complex may or may not dissociate from one another over 
a period of time. Preferably, the GEF-H1-PAK complex is a GEF-H1S- 
PAK4 complex. In this context, the GEF-H1S of the complex comprises 
the sequence described in SEQ ID NO. 2. 

[0104] Alternatively, one may measure phosphorylation by 
engineering a hybrid green fluorescent protein (GFP) to be linked to a 
single chain antibody that has high affinity for both the phosphorylated 
and unphosphorylated forms of GEF-H1 peptides represented by SEQ ID 
NOs. 3 and 4. One would then monitor the extent of "fluorescence 
quenching" using fluorescence spectroscopy as described by, Deo & 
Daunert, Anal. Biochem., 289(1): 52-9, 2001. The GFP hybrid undergoes 
a conformational change upon phosphorylation of the GEF-H1 peptide, 
thereby producing a different type of fluorescence that is easily and 
readily detected and quantified. 

[0105] In a similar vein, a biotinylated peptide substrate derived 
from the unphosphorylated forms GEF-H1 peptides of SEQ ID NOs. 3 and 
4 can be linked to GFP. Subsequent phosphorylation by PAK4 is 
expected to result in fluorescence quenching as mentioned above. Biotin 
allows for colorimetric and luminescence measurements where 
fluorescence cannot be used. For instance, because substances that 
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inhibit PAK4 activity also prevent phosphorylation of the substrate, such 
as the GEF-H1 peptides, there will be little, or no positive change, in 
peptide conformation, and consequently little or no change in GFP 
fluorescence. A biotin label, however, facilitates measurement of 
phosphorylation, and lack thereof, in the presence of candidate inhibitory 
substances. 

[0106] Yet another method useful for measuring the extent of 
GEF-H1 phosphorylation is "fluorescence resonance energy transfer" 
(FRET). See Sato etaL, Nat. BiotechnoL, 20(3): 287-94, 2002. This 
method measures the transfer of phosphate moieties between the PAK4 
phosphorylation recognition domain and the GEF-H1 substrate peptides 
(or derivatives) (such as those of SEQ ID NOs 3 and 4) as an indicator of 
phosphorylation. 

[0107] The gel shift assay is yet another way in which 
phosphorylation of a protein may be detected. See Wegener et a/. f J. 
Biol. Chem., 259(3): 1834-41, 1984. 

[0108] The present invention uses a biochemical-based cell lysate 
assay and a radioactive method to monitor, record and detect changes in 
phosphorylation of total GEF-H1 protein and GEF-H1 -derived peptides by 
PAK4. See Examples 14 and 15 below. In the cellular assay, 
phosphospecific antibodies to GEF-H1 are used to detect the presence of 
phosphorylated GEF-H1 in cell lysate preparations. Antibodies that are 
specific to GEF-H1 can be generated by any one of a number of 
techniques. For example, antibodies can be produced in rabbits. See, 
Nims et al., Lab Anim. Sci., 23(3):391-6, 1973. Antibodies can be raised 
against epitopes that are unique or specific to a particular protein. For 
instance, one may raise antibodies against the KLH-conjugated peptide 
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CSGDRRRAGPEKRPKSS, as previously demonstrated for PAK4. See, 
Hashimura et al., J. Immunol. Methods, 55(3):375-87, 1982. 

[0109] Similarly, antibodies specific for GEF-H1 may also 
generated in rabbits. Specifically, one may raise antibodies against the 
GEF-H1 regions phosphorylated by PAK4; i.e., to GEF-H1S regions 807- 
824 (SEQ ID NO. 3) and 55-72 (SEQ ID NO. 4). Antibodies can also be 
raised to the phosphate-modified versions of these peptides. In such 
fashion, antibodies that are specific to either the non-phosphorylated or 
phosphorylated variants of the GEF-H1 can be designed. 

[01 10] By attaching a PAK4 antibody to a surface, such as to the 
surface of beads, one may trap PAK4 proteins present in lysed cells. 
Accordingly, any PAK4 proteins present in the cellular lysate will bind to 
the surface or beads by virtue of their interaction with the surface-/bead- 
attached antibody. Furthermore, if GEF-H1 is also present in the 
preparation, GEF-H 1 /PAK4complexes can be isolated in the same fashion. 
The cells may be those from established cell lines of known lineage. For 
example, cell lysates may be prepared from tumor cell lines and subjected 
to phosphospecific antibody treatment as described above and in Example 
14. 

[01 1 1] An antibody may be a monoclonal or polyclonal antibody, 
or antibody fragment that has specific binding affinity to a GEF-H1 
polypeptide, domain or fragment thereof. "Specific binding affinity" 
means that the antibody binds to a target polypeptide with greater affinity 
than it binds to other polypeptides under specified conditions. Preferably, 
the antibody binds to a GEF-H1 polypeptide comprising the sequence 
described in any one of SEQ ID NOs. 2, 3 or 4. More preferably the 
antibody binds to a polypeptide comprising the sequence described in SEQ 
ID NOs. 3 or 4. Antibodies to GEF-H 1 may also bind to phosphorylated 
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variants of GEF-H1 isoforms. Accordingly, these antibodies bind to 
phosphorylated versions of the peptides described in SEQ ID NOs. 2, 3 
and 4. In such fashion, antibodies may be raised that bind to peptides 
comprising phosphorylated serines, 810 and 67, of the GEF-H1 proteins. 

[0112] The term "polyclonal" refers to antibodies that are 
heterogenous populations of antibody molecules derived from the sera of 
animals immunized with an antigen or an antigenic functional derivative 
thereof. For the production of polyclonal antibodies, various host animals 
may be immunized by injection with the antigen. Various adjuvants may 
be used to increase the immunological response, depending on the host 
species. 

[0113] "Monoclonal antibodies" are substantially homogenous 
populations of antibodies to a particular antigen. They may be obtained 
by any technique which provides for the production of antibody molecules 
by continuous cell lines in culture. Monoclonal antibodies may be 
obtained by methods known to those skilled in the art. See, Kohler et al., 
Nature, 256:495-497, 1975, and U.S. Patent No. 4,376,1 10. 

[0114] An antibody of the present invention includes 
"humanized" monoclonal and polyclonal antibodies. Humanized 
antibodies are recombinant proteins in which non-human (typically murine) 
complementarity determining regions of an antibody have been transferred 
from heavy and light variable chains of the non-human {e.g. murine) 
immunoglobulin into a human variable domain, followed by the 
replacement of some human residues in the framework regions of their 
murine counterparts. Humanized antibodies in accordance with this 
invention are suitable for use in therapeutic methods. General techniques 
for cloning murine immunoglobulin variable domains are described, for 
example, by the publication of Orlandi et al., Proc. Natl Acad. Set. USA 
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86: 3833, 1989. Techniques for producing humanized monoclonal 
antibodies are described, for example, by Jones et al., Nature 321:522, 
1986; Riechmann et al., Nature 332:323, 1988; Verhoeyen et al., 
Science 235:1534, 1988; Carter et al., Proc. Natl Acad. Sci. USA 
55:4285, 1992; Sandhu, Crit. Rev. Biotech. 72:437, 1992; and Singer et 
al., J. Immun. 750:2844 1993. 

[01 15] The term "antibody fragment" refers to a portion of an 
antibody, often the hypervariable region and portions of the surrounding 
heavy and light chains, that displays specific binding affinity for a 
particular molecule. A hypervariable region is a portion of an antibody 
that physically binds to the polypeptide target. 

[0116] An antibody fragment of the present invention includes a 
"single-chain antibody," a phrase used in this description to denote a 
linear polypeptide that binds antigen with specificity and that comprises 
variable or hypervariable regions from the heavy and light chains of an 
antibody. Such single chain antibodies can be produced by conventional 
methodology. The Vh and VI regions of the Fv fragment can be 
covalently joined and stabilized by the insertion of a disulfide bond. See 
Glockshuber, et al. , Biochemistry 1362, 1990. Alternatively, the Vh and 
VI regions can be joined by the insertion of a peptide linker. A gene 
encoding the Vh, VI and peptide linker sequences can be constructed and 
expressed using a recombinant expression vector. See Colcher, et al., J. 
Natl Cancer Inst. 82: 1191, 1 990. Amino acid sequences comprising 
hypervariable regions from the Vh and VI antibody chains can also be 
constructed using disulfide bonds or peptide linkers. 

[0117] Antibodies of the present invention may be labeled using, 
for example, fluorescent labels or radioactive labels. 
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[0118] Antibodies or antibody fragments having specific binding 
affinity to a GEF-H1 or derivative peptide of the invention may be used in 
methods for detecting the presence and/or amount of that polypeptide in 
a sample, by (i) probing the sample with the antibody under conditions 
suitable for target-antibody immunocomplex formation and (ii) detecting 
the presence and/or amount of the antibody conjugated to the desired 
polypeptide. Diagnostic kits for performing such methods may be 
constructed to include antibodies or antibody fragments specific for the 
target as well as a conjugate of a binding partner of the antibodies or the 
antibodies themselves. 

[0119] A "derivative peptide" of GEF-H1 is a peptide comprising 
an amino acid sequence that is part of the larger, complete GEF-H1 
protein. For instance, peptides comprising the sequences described in 
SEQ ID NOs. 3 and 4 are "derivative peptides" of the GEF-H1 protein. 

[0120] An antibody or antibody fragment with specific binding 
affinity to a GEF-H1 or PAK4 polypeptide of the invention can be isolated, 
enriched, or purified from a prokaryotic or eukaryotic organism. Routine 
methods known to those skilled in the art enable production of antibodies 
or antibody fragments, in both prokaryotic and eukaryotic organisms. 
Purification, enrichment, and isolation of antibodies, which are 
polypeptide molecules, are described above. 

[0121] Antibodies having specific binding affinity to a target 
polypeptide of the invention may be used in methods for detecting the 
presence and/or amount of target polypeptide in a sample by contacting 
the sample with the antibody under conditions such that an 
immunocomplex forms and detecting the presence and/or amount of the 
antibody conjugated to the target polypeptide. Diagnostic kits for 
performing such methods may be constructed to include a first container 
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containing the antibody and a second container having a conjugate of a 
binding partner of the antibody and a label, such as, for example, a 
radioisotope. The diagnostic kit may also include notification of an FDA 
approved use and instructions therefor. 

[0122] In another aspect, the invention features a hybridoma 
which produces an antibody having specific binding affinity to a GEF-H1 
polypeptide or a polypeptide domain, where the polypeptide is selected 
from the group having an amino acid sequence SEQ ID NO. 2. By 
"hybridoma" is meant an immortalized cell line that is capable of secreting 
an antibody, for example an antibody to GEF-H1 . In preferred 
embodiments, the antibody to the GEF-H1 comprises a sequence of amino 
acids that is able to specifically bind a GEF-H1 polypeptide of the 
invention. 

[0123] In another aspect, the present invention is also directed to 
kits comprising antibodies that bind to a polypeptide encoded by any of 
the nucleic acid molecules described above, and a negative control 
antibody. 

[0124] The term "negative control antibody" refers to an 
antibody derived from similar source as the antibody having specific 
binding affinity, but where it displays no binding affinity to a polypeptide 
of the invention. 

[0125] Also, Western Blot analyses of isolated GEF- 
H1 /PAK4complexes can be prepared and then probed with the 
aforementioned phosphospecific GEF-H1 antibodies to determine the 
phosphorylation state of those proteins. Alternatively, the cell lysate may 
be directly subjected to a Western Blot and the GEF-H1 -specific 
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antibodies applied, without prior separation of a specific GEF- 
H1/PAK4complex. 

[0126] In any event, identification of a phosphorylated GEF-H1 in 
a cell sample can be readily and routinely achieved according to the 
above-described strategy. 

[0127] A cellular sample may also be treated with a candidate 
substance such as a drug, chemical, compound, protein, or nucleic acid to 
determine the effects of that substance upon the activity of PAK4 by 
monitoring the downstream effects upon GEF-H1 phosphorylation. A 
candidate substance may "modulate" PAK4 activity, or the interaction 
between PAK4 and GEF-H1 . By "modulate" it is meant that the candidate 
substance may affect the kinase activity of PAK4 or the extent to which 
PAK4 and GEF-H1 interact. Accordingly, one effect of "modulation" by a 
candidate substance is to decrease the level of total GEF-H1 protein 
phosphorylation in a given sample. It is also conceivable that the 
candidate substance augments PAK4 kinase activity or facilitates GEF- 
H1/PAK4interaction. Conversely, the level of total GEF-H1 protein 
phosphorylation may then be increased after exposure to the substance. 
Therefore, a candidate substance may modulate PAK4, GEF-H1 or a GEF- 
H1/PAK4 complex, such that it's effect(s) correlates with the 
phosphorylation pattern of the GEF-H1 protein. 

[0128] In assays for screening for substances that modulate 
PAK4 activity or GEF-H1/PAK4 interaction, one may use the full-length 
GEF-H1S protein sequence as represented in SEQ ID NO. 2, or a shorter 
fragment, such as the peptides that are phosphorylated by PAK4 (i.e., 
those represented by SEQ ID NOs. 3 and 4). Alternatively, a GEF-H1 
polypeptide that does not comprise the catalytic, DH domain may also be 
used to screen for substances that modulate PAK4 activity and/or GEF- 
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H1/PAK4 interaction. Accordingly, the present invention contemplates a 
GEF-H1 polypeptide that lacks the amino acid region between residues 
162 and 354. 

[0129] A drug screening assay in this context involves (i) 
obtaining a cellular lysate, preferably from a tumorigenic cell line; 
(ii) applying to the lysate a candidate substance; (iii) isolating and/or 
separating proteins from the cell lysate preparation; and (iv) detecting the 
presence of GEF-H1 phosphovariants. By comparing the level of 
phosphorylation of total GEF-H1 proteins before and after the candidate 
substance is applied to a cell or to the cell lysate, it is possible to 
determine the effect of the candidate substance upon PAK4 activity. 
Thus, the level of total GEF-H1 protein phosphorylation in such a ratio is 
expected to fall if the candidate substance is effective in inhibiting PAK4 
kinase activity. Further, this ratio (level of GEF-H1 phosphorylation before 
application of the candidate substance-to-level of GEF-H1 phosphorylation 
after application of the candidate substance) may also be compared to a 
"background" level of GEF-H1 phosphorylation in cells and/or cell lysates 
that have not been treated with the candidate substance. The candidate 
substance may be applied prior to lysing the cells. 

[0130] A candidate substance may be peptides that comprise the 
GEF-H1 sequences of SEQ ID NOs. 3 and 4. Accordingly, when applied 
to cells at high concentrations, i.e., in excess of the amount of 
endogenous GEF-H1, the GEF-H1 peptides should compete and bind to 
endogenous PAK4, thereby inhibiting binding, and phosphorylation of, 
endogenous GEF-H1. The skilled artisan would know how much of a 
competitive peptide inhibitor to add in order that the peptide is added to 
cells or cell lysates "in excess." The candidate substance may also be a 
nucleic acid that modulates or inhibits expression of PAK4. Thus, 
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antisense polynucleotides or double-stranded RNA molecules may be used 
according to antisense and RNA-interference techniques to knock out or 
downregulate PAK4 gene expression. 

[0131] A successful candidate substance is one that inhibits 
PAK4, and in so doing, alleviates cellular abnormalities associated with 
overexpression PAK4. Consequently, a successful candidate substance is 
one that retards or inhibits cell proliferation, such as that observed in 
cancerous tissues. 

[0132] Thus, substances that exert such modulatory or inhibitory 
effects are useful in modulating or inhibiting cells that (i) proliferate, (ii) 
possess anchorage-independent growth or (iii) are motile. Accordingly, by 
administering one or more of these substances to cells exhibiting these 
properties, one may inhibit proliferation, anchorage-independent growth or 
cell motility associated with a particular cell sample. Thus, it is possible 
to treat an individual that has populations of these kinds of cell types by 
administering one or more of the identified substances in pure or 
pharmaceutically-formulated forms. According to such rationale, it is 
possible according to the present invention, to treat an individual that has 
cancer, or tumorigenic cell growth, by administering a pharmaceutical 
composition comprising the identified substance that modulates or inhibits 
one or more cell phenotypes associated with cancerous tissues or cells. 

[0133] The present invention also makes use of the following 
PAK4 amino acids sequences as p21 -activated-kinase-derived 
polypeptides, which function in the manner prescribed below. 
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SEQ ID NO. 21: 

276-CTPAAPAVPAVPGPPGPRSPQREPQRVSHEQFRAALQLVVDPGDPRSYLDNF-324 
SEQ ID NO. 22: 

298-RVSHEQFRAALQLVVDPGDPRSYLD-322 

[0134] Thus, the present invention encompasses a group II p21- 
activated-kinase-derived polypeptide that is capable of binding to a GEF- 
H1 protein isoform. It is possible that by binding to the a GEF-H1 protein, 
such polypeptides can prevent or hinder the docking or binding of full- 
length, e.g., endogenous PAK4 and other group II PAK family members, 
to the GEF-H1 protein to which the inventive polypeptide is bound. 
Examples of group II p21 -activated kinases are PAK4, PAK5, and PAK6. 

[0135] A surprising discovery of the present invention is that a 
polypeptide comprising only residues 276 to 324 of PAK4 (denoted by 
SEQ ID NO. 21), can preferentially bind to GEF-H1 family members. This 
novel binding region, which spans amino acids 276 to 324 of PAK4, also 
comprises a sequence of amino acids, from residues 298-322 (SEQ ID 
NO. 22), that is highly conserved between group II PAK proteins. That 
conserved domain is referred to herein as the "GEF-H1 interacting 
domain" ("GID"). Amino acids 399 to 454 of PAK5, for instance, have 
76% sequence identity with SEQ ID NO. 21, but have 88% sequence 
identity with the GID domain depicted in SEQ ID NO. 22. Accordingly, 
the high degree of conservation among group II PAK protein over the GID- 
region likely means that this region of PAK4, PAK5, and PAK6 can bind to 
various GEF-H1 family members, such as GEF-H1S, GEF-H1 M, and GEF- 
H1 U. 
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[0136] The present invention encompasses any PAK4 
polypeptide within the 276-324 stretch of amino acids in SEQ ID NO. 21 
that contains the GID region and which still retains the ability to bind to a 
GEF-H1 isoform. Thus, the present invention encompasses a polypeptide 
that comprises an amino acid sequence that is only part of the sequence 
depicted in SEQ ID NO. 21, so long as that polypeptide is capable of 
binding GEF-H1 isoforms, and does not contain any other PAK4 or other 
group II PAK protein sequences. Thus, in accordance with the present 
invention, such a polypeptide does not comprise any other PAK4 amino 
acid sequences, nor does the polypeptide comprise any other group II PAK 
polypeptide sequences. For instance, in the case where a polypeptide 
comprises residues 298-324 of SEQ ID NO. 21, that polypeptide would 
not comprise amino acid sequences 1-297 or 325-985 of PAK4. 
However, p21 -activated-kinase-derived polypeptides of the present 
invention may be a part of a fusion protein and be partnered with a non- 
group II PAK polypeptide or protein. 

[0137] The present invention also encompasses a polypeptide 
comprising residues 280-324 of SEQ ID NO. 21, residues 285-324 of 
SEQ ID NO. 21, residues 291-324 of SEQ ID NO. 21, as well as other 
variants therefrom. By "variants," it is meant that any sequence within 
the amino acid sequence depicted in SEQ ID NO. 21 may be used as 
prescribed by the present invention, so long as that sequence is capable 
of binding to at least one GEF-H1 isoform. 

[0138] As explained herein, PAK4 phosphorylation of GEF-H1 
reduces or inhibits stress fibre formation and promotes lamellipodia, cell 
proliferation, and cell motility. Thus, administering an inhibitor of PAK4 
phosphorylation, such as a polypeptide that consists essentially of the 
amino acid sequence of SEQ ID NO. 21, or part thereof, is likely to 
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increase stress fibre formation, making the treated cells less motile, less 
invasive, and more susceptible to the processes that induce cell 
apoptosis. For instance, administering a polypeptide comprising the GID 
domain identified in SEQ ID NOs. 21 and 22, could disrupt cell motility by 
preventing or reducing phosphorylation of microtubule-bound GEF-H1M. 
Phosphorylation of GEF-H1M results in its disassociation from the 
microtubule network. Accordingly, the GID domain-polypeptide could be 
used to alter the activity of PAK4 on GEF-H1 M, thereby disrupting the cell 
actin infrastructure and cell motility. 

[0139] A phage display screen was used to identify physiological 
targets for PAK4 using the kinase domain of PAK4 (amino acids 291-591) 
fused to GST (Glutathione-S-transferase) as 'bait'. The phage display hits 
isolated in the screen corresponded to in-frame fusions derived from 
several distinct genes. One fragment was derived from the Maguin-2-like 
gene. Two other hits were derived from the GEF-H1S splice variant of 
GEF-H1. In contrast to GEF-H1M, GEF-H1S lacks a zinc finger region, 
which was shown to be required for microtubule binding. 

[0140] To confirm the in vitro interaction of GEF-H1 S with PAK4, 
bacterially expressed GST-fusion proteins were generated with the 
identical sequences isolated by phage display, encoding either amino acids 
763-921 of GEF-H1S or amino acids 385-555 from the Maguin-2-like 
protein. These fusion proteins were bound to glutathione beads and 
utilized in binding assays with 293T lysates expressing exogenous PAK4. 
GST-GEF-H1S (aa763-921), but not GST, nor the Maguin-2-like fragment, 
was able to bind strongly to both the full-length myc-tagged PAK4 protein 
and the kinase domain (amino acids 291-591). In contrast, the amino- 
terminal regulatory domain of PAK4 alone (amino acids 1-309) did not 
stably interact with GEF-H1S. These results suggest that the interaction 
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is mediated by either a short region N-terminal to the PAK4 kinase domain 
or by the kinase domain itself. 

[0141] Biotinylated peptides derived from the N-terminal region 
of PAK4 sequence were used to further map the GEF-H1 binding site. A 
peptide consisting of amino acids 276-324 showed strong interaction 
with GEF-H1S, while another peptide covering a more C-terminal region, 
amino acids 291-355, did not. Together the results demonstrate that the 
GEF-H1 interaction domain (GID) is localized between amino acids 276 
and 324 of PAK4, such as the region beginning at amino acid 291 and 
ending at amino acid 322 of PAK4. Sequence alignment of the PAK4 GID 
with the corresponding domains of the other PAKs revealed significant 
homology between group-ll PAK family members (PAK4, PAK5, and 
PAK6) in this region. Based on the homology within the GID of PAK4 it is 
possible that PAK5 and PAK6 also interact with GEF-H1 or related 
proteins. 

[0142] Endogenous PAK4 and GEF-H1 stably associate and 
localize to the Golgi membrane in vivo. To confirm that the in vitro 
interaction between PAK4 and GEF-H1 is physiologically relevant, co- 
immunoprecipitation experiments were performed with lysates from 
A549, HCT1 1 6 and H1 299 cells with antibodies directed against either 
PAK4, GEF-H1 or preimmune serum as indicated. The proteins were then 
analysed by Western blotting using GEF-H1 specific antibodies. 
Endogenous GEF-H1 protein was detected in complexes 
immunoprecipitated with either PAK4 or GEF-H1 antibodies but not the 
preimmune serum. Though the different isoforms of GEF-H1 interact with 
PAK4 in vivo, in the case of H1 299 cells PAK4 interacts more strongly 
with the smaller GEF-H1 isoform, while in HCT1 1 6 cells this preference is 
not seen. 
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[0143] Earlier studies of PAK4 demonstrated its localization to 
the Golgi apparatus in the presence of activated Cdc42 resulting in the 
induction of filopodia. Accordingly, it was determined herein whether 
endogenous PAK4 and GEF-H1 co-localized in vivo. H1299 cells were 
stained with antibodies for PAK4 or GEF-H1 together with p-COP 
antibodies or the trans-Golgi marker, wheat germ agglutinin. PAK4, GEF- 
H1 and p-COP all localize to the same subcellular region as visualised by 
fluorescence microscopy. Therefore GEF-H1, like PAK4 is Golgi- 
membrane associated. The nuclear staining seen with both the PAK4 and 
GEF-H1 anti-sera is due to the long exposures required for detection of 
the endogenous proteins and is non-specific. Higher resolution studies 
show some differences of localization within the Golgi network. For 
example, PAK4 localizes more to the cis-Golgi membrane and its 
associated MTs than the trans-Golgi network. 

PAK4 phosphorylates GEF-H1S on Serine 810 in vitro and in vivo. 

[0144] Next examined, was whether GEF-H1 is a PAK4 
substrate. In vitro kinase assays were performed using a GEF-H1 GST- 
fusion protein, a Maguin-2-like GST-fusion protein and GST control protein 
as substrates for phosphorylation by PAK4. In these assays it was found 
that the GEF-H1 polypeptide is a high affinity substrate for PAK4 with a 
Km is the 1 to 5uM range. PAK4 fails to phosphorylate the GST control 
and weakly phosphorylated the GST-Maguin-2-like fusion protein. 

[0145] Previously, it was found that peptides derived from the 
activation loop sequence of PAK4 are high affinity substrates of PAK4. 
By examining the ability of PAK4 to phosphorylate a series of peptides 
highly related to its activation loop, it was possible to deduce a rough 
substrate consensus for PAK4 (RRXSL(X)nG, where n= 1 or 2) that 
suggested that both the basic residues and the hydrophobic residues 
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flanking the phospho-acceptor site are important for high affinity 
substrate recognition by PAK4. To further explore the substrate 
selectivity of PAK4, the sequences of the phage display clones enriched in 
the PAK4 kinase domain screen were compared with our putative PAK4 
substrate consensus. Most of the sequences, including GEF-H1S, contain 
a region with high similarity to a high affinity PAK4 substrate. Within the 
GEF-H1 phage display hit that corresponds to GEF-H1S amino acids 763- 
921, a potential PAK4 phosphorylation site was identified at Ser 810 of 
GEF-H1S. A peptide derived from the sequence surrounding this site 
(amino acids 807-824) is also a high affinity substrate for PAK4 with a 
similar Km for PAK4 as the GST-GEF-H1 (793-921) fusion protein. 

[0146] Thus, a substrate consensus motif for PAK4 mediated 
phosphorylation is identified herein as RRXSL(X)nG, where n is "1 " or "2" 
X residues, and "X" is any amino acid. 

[0147] Various phospho-isomers derived from this peptide were 
synthesized and tested for their ability to be phosphorylated by PAK4. 
Peptides with phospho-serine at position 810 were no longer substrates 
for PAK4. Furthermore, it was confirmed by mutagenesis that Ser 810 of 
GEF-H1S is the bona fide phosphorylation site for PAK4 in vitro. 

[0148] While mutation of Ser 810 abolished PAK4 
phosphorylation of C-terminal fragments of GEF-H1S, an amino-terminal 
fragment (amino acids 1-386) of GEF-H1S contained additional PAK4 
phosphorylation site(s). Sequence comparison with the PAK4 substrate 
consensus sequence pointed to Serine residues 57, 66, and 67 as other 
possible PAK4 phosphorylation sites. By synthesizing peptides 
corresponding to phospho-isomers of the putative PAK4 phosphorylation 
sites, it was determined that Ser 67 is the likely in vitro PAK4 
phosphorylation site within the amino-terminus of GEF-H1 . Interestingly, 
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the PAK4 phosphorylation sites within GEF-H1S are potentially conserved 
with the sites being either a threonine or a glutamic acid in Cdc24, the 
yeast Cdc42 GEF that is regulated by the PAK-like kinase Cla4, 
suggesting the potential importance of these sites. The alignment data 
indicate that the N-terminal glutamic acid 89 and C-terminal threonine 
737 correspond to Ser 67 and 810, respectively in human GEF-H1S. 

[0149] To confirm that GEF-H1S phosphorylation by PAK4 
occurs at these sites in vivo, co-transfection assays were performed and 
analyzed phosphorylation of GEF-H1 by use of a phospho-specific 
antibody directed against phospho-serine 810. This antibody is specific 
for GEF-H1 that is phosphorylated on Ser 810. It was found that Ser 810 
is phosphorylated in mammalian cells and that phosphorylation of GEF- 
H1S on Ser 810 is enhanced in the presence of activated PAK4 as well as 
wild type PAK4 when co-expressed with Cdc42, whereas in the presence 
of the kinase-dead mutant and the vector it is not. Expression of the 
kinase-dead PAK4 is also able to inhibit endogenous PAK4 basal 
phosphorylation of GEF-H1S on Ser 810. Similarly, phospho-specific 
antibodies against Ser 67 in GEF-H1S were developed and it was found 
that not only is Ser 67 phosphorylated in mammalian cells, but also co- 
transfection of activated PAK4 with GEF-H1S stimulated phosphorylation 
of Ser 67. 

Morphological changes mediated by GEF-H1 alleles. 

[0150] Nucleotide exchange factors of the Rho GTPase family 
are involved in the regulation of cytoskeletal structures and cell 
morphology. The conserved Dbl homology (DH) and pleckstrin homology 
(PH) domains are critical for function of these exchange factors. GEFs 
have been analysed for their ability to stimulate exchange on Rho GTPase 
substrates in vitro or by their over-expression in vivo. In the case of GEF- 
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H1, various groups have shown catalytic activity on Rac and Rho. 
Transient expression of GEF-H1 in Cos-7 cells and isolated expression of 
the GEF-H1 DH-PH domains shows activity towards Rac in vivo and in 
vitro respectively. Analysis by in vitro and in vivo assays in Cos-1 and 
HeLa cells showed measurable activities on Rho for GEF-H1 which is in 
agreement with a previous study. 

[0151] Table 1 shows the effect of GEF-H1 mutants on fibroblast 
morphology; and Table 2 shows the effect of PAK4 regulation of GEF-H1 
on fibroblast morphology. 

[0152] To analyse the effect of GEF-H1 on cell morphology in 
fibroblasts, EGFP (enhanced green fluorescent protein) fusion constructs 
of GEF-H1S and a series of mutant alleles of the PAK4 phosphorylation 
sites in GEF-H1S were introduced into NIH3T3 cells. Also constructed, 
was a dominant negative allele by mutating the DH domain of GEF-H1 
resulting in GEF-H-QR31 2,31 3MG. In a p21 -binding domain (PBD) assay 
this dominant-negative allele inhibited accumulation of Rac-GTP but not 
Cdc42-GTP in NIH-3T3 cells. The actin cytoskeleton was stained with 
coumarin-phallicidin to contrast F-actin structures of EGFP fluorescing 
cells by microscopy. 

[0153] Wild type GEF-H1S typically localized to the perinuclear 
region and cells appeared elongated with occasional stress fibres. By 
contrast over-expression of GEF-H1 S-S81 OA alone lead to an 
accumulation and disorganized array of stress fibres compared to non- 
transfected cells. The induction of stress fibres is striking given the 
relatively modest effects on the actin cytoskeleton upon expression of 
either wild type GEF-H1S or PAK4 alleles alone. The morphology of GEF- 
H1S-S67A expressing cells was similar to the morphology of cells 
expressing the dominant negative GEF-H1S DH mutant. Expression of the 
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DH domain mutant GEF-H1 S-QR31 2,31 3MG, creates a trail of wildly 
distributed cytoplasmic extensions. The induction of stress fibres in the 
case of GEF-H1 S-S810A is reminiscent of Rho activation, while the 
disorganized cytoplasmic extensions seen with GEF-H1- Q31 2R,M31 3G 
and GEF-H1S-S67A could be remnants of non-retracted cell tails that 
might be due to Rho inhibition. The changes in localization and the actin 
cytoskeleton is especially dramatic in the double mutant of GEF-H1S- 
(S67A-S81 OA). Cytoplasmic aggregates of F-actin were found in EGFP- 
GEF-H1S (S67A-S810A) expressing cells, as well as wide-arcing lamella 
devoid of F-actin. The redistribution of the phosphorylation-site mutant 
proteins and inappropriate accumulation of cytoplasmic F-actin, supports 
the idea that localization is critical for the ability of GEF-H1 to stimulate 
stress fibres. 

Activated PAK4 and GEF-H1S induce lamellipodia formation in NIH- 
3T3 cells. 

[0154] Induction of F-actin structures in fibroblasts, namely the 
formation of filopodia, lamellipodia, and stress fibres is due to signalling 
by the active forms of Cdc42, Rac, and Rho, respectively. Because PAK 
proteins and specifically PAK4 play a role in regulating F-actin based 
morphological structures, experiments were devised to determine whether 
PAK4-induced changes in cell morphology were mediated by regulation of 
GEF-H1S. Also co-expressed were EGFP-GEF-H1 constructs with various 
HA epitope-tagged PAK4 alleles in NIH-3T3 cells. Exogenous PAK4 was 
detected with an anti-HA antibody (red) and the actin cytoskeleton was 
stained with coumarin-phallicidin (blue). Although NIH-3T3 cells have low 
but detectable levels of endogenous PAK4 and GEF-H1 these were not 
activated under the conditions of the experiment. 
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[0155] By employing various alleles of PAK4 it was possible to 
confirm which morphological effects were driven through PAK4 
phosphorylation of GEF-H1 . Co-expressing the PAK4 alleles with the 
EGFP control produced relatively modest effects on the formation of F- 
actin based structures in NIH-3T3 cells. In cells co-expressing wild-type 
PAK4 together with wild-type GEF-H1S, a dramatic increase in filopodia 
was observed, in contrast to either PAK4 or GEF-H1 S expressed alone. 
The filopodial structures seemed to be dependent on the lower activity of 
the wild type PAK4 allele and the interaction with GEF-H1 S since they 
were not observed when either protein was expressed in cells alone or in 
vector co-transfected controls. In cells co-expressing the activated PAK4 
S474E and GEF-H1S, these structures transitioned from filopodia to 
lammellipodia at the leading edge. Neither filopodia nor lammellipodia 
were observed when GEF-H1S was transfected together with the kinase 
inactive PAK4 K350,351A however stress fibres were now abundantly 
present . Taken together with our analysis of the PAK4 phosphorylation 
site mutants in GEF-H1S, this suggests that PAK4 kinase activity is 
responsible for the transition to lamellipodia formation. 

[0156] To confirm whether the formation of these structures is 
dependent on the ability of PAK4 to phosphorylate GEF-H1S, the 
phosphorylation site mutants of GEF-H1S were used. Co-transfection of a 
mutant GEF-H1 S- S810A allele together with PAK4 S474E shows a 
profusion of stress fibres. This, together with the result from the kinase- 
dead aNele, suggests that phosphorylation of Ser 810 is responsible for 
both the signals that lead to lamellipodia formation and inhibition of stress 
fibre formation in fibroblasts. Additionally, PAK4 S474E and GEF-H1S 
S810A localized to distinct peripheral sites reminiscent of cell adhesion 
attachment sites that serve as nucleation points for actin stress fibres. 
This type of localization of GEF-H1 has also been seen in HeLa cells. 
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Conversely to the effects seen by mutation of S810, co-expression of 
mutant GEF-H1 S-S67A with activated PAK4-S474E allows GEF-H1 
dependent formation of lamellipodia while preventing stress fibre 
formation. Our experiments do not address the qualitative difference 
between the lamellipodia derived from the non-mutant GEF-H1S and 
mutant GEF-H1S S67A. 

[0157] Exchange activity of GEF-H1 is achieved through the 
interaction of the Dbl homology (DH) domain with the Rac or Rho 
GTPases in their inactive state. To determine whether GEF-H1S mediated 
effects driven by PAK4 phosphorylation are dependent upon GEF-H1S 
exchange activity NIH-3T3 cells co-expressing the GEF-H1S dominant 
negative DH mutant (Q31 2M,R31 3G) with various alleles of PAK4 were 
examined. Wide-arcing lamella lacking actin were observed, which is in 
contrast to the actin rich lamellipodia or stress fibres formed in the 
presence of active alleles of GEF-H1S and activated PAK4. The result 
confirms that PAK4 signals are relayed directly through the exchange 
activities of GEF-H1 . A previous study of GEF-H1 showed constitutive 
lamellipodia induction in Cos-7 cells by over-expression of GEF-H1 . It was 
shown, therefore, that by the addition of an activated PAK4/GEF-H1S 
complex it was possible to reconstitute this effect in NIH-3T3 cells. 

Effects of PAK4 through GEF-H1M on cell morphology 

[0158] Residues phosphorylated by PAK4 in GEF-H1S are 
conserved in the MT ("microtubule") bound form of GEF-H1, "GEF-H1M." 
GEF-H1M contains a zinc finger domain in its amino terminus that allows 
it to bind to microtubules. The role microtubule binding in determining the 
ability of PAK4 to control GEF-H1 M activity was investigated. Studies 
were performed with GEF-H1M that allowed simultaneous examination of 
both MT (through EGFP-GEF-H1M labelling of MTs in vivo) and actin 
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cytoskeleton (through F-actin staining with coumarin-phallicidin). Also 
studied, were changes in the MT cytoskeleton by co-staining with p- 
tubulin antibodies. 

[0159] In the case of F-actin based morphological changes, the 
splice isoforms of GEF-H1 show some differences in their effects. Unlike 
GEF-H1S which gave occasional distributed stress fibres, cells 
overexpressing GEF-H1M often displayed stress fibres at the cell periphery 
that gave the appearance of a woven halo of F-actin suggesting that 
some Rho stimulating activity may be locally restricted to the MT ends. 
The absence of filopodial induction was another discernable difference 
between GEF-H1 M and GEF-H1S when co-expressed GEF-H1M with wild 
type HA tagged PAK4. In this instance, no filopodia are seen. Similar to 
GEF-H1S, the transition to lammellipodia however, was observed when 
co-expressed with activated PAK4-S474E. 

[0160] Consistent with reports in the literature GEF-H1 M like LFC 
(murine GEF-H1), was stably associated with microtubules. Over- 
expression of GEF-H1 is known to stabilize microtubules in vivo. 
Stabilization of MTs is apparent by their radial alignment as seen in cells 
expressing EGFP-GEF-H1M alone or when co-expressed with either wild 
type or kinase dead PAK4. However, co-expression of activated PAK4 
with EGFP-GEF-H1M results in the destabilizing of MTs and the 
remarkable redistribution of GEF-H1M from MTs to the cytoplasm. MT 
polarity is also clearly altered in cells co-expressing GEF-H1M with the 
different alleles of PAK4 . These results taken together with the findings 
of the present invention show that PAK4 can control the cross-talk 
mediated by GEF-H1 between the actin cytoskeleton and the MT network. 
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SEQ ID NO. 1 

atgcctgtaacaagagcatcacagccaaggaagccctcatctgcccaacaacagaaagcggccctgctg 
aagaacaacaccgccttgcagtccgtttctcttcgaagtaagacaaccatccgggagcggccaagctcg 
gccatctacccctccgacagcttccggcagtccctcctgggctcccgccgtggccgctcctccttgtct 
ttagccaagagtgtttctaccaccaacattgctggacatttcaatgatgagtctcccctggggctgcgc 
cggatcctctcacagtccacagactccctcaacatgcggaaccgaaccctatccgtggaatccctcatt 
gacgaagcagaggtaatctacagtgagctgatgagtgactttgagatggatgagaaggactttgcagct 
gactcttggagtcttgctgtggacagcagcttcctgcagcagcataaaaaggaggtgatgaagcagcaa 
gatgtcatctatgagctaatccagacagagctgcaccatgtgaggacactgaagatcatgacccgcctc 
ttccgcacggggatgctggaagagctacacttggagccaggagtggtccagggcctgttcccctgcgtg 
gacgagctcagtgacatccatacacgcttcctcagccagctattagaacgccgacgccaggccctgtgc 
cctggcagcacccggaactttgtcatccatcgcttgggtgatctgctcatcagccagttctcaggtcct 
agtgcggagcagatgtgtaagacctactcggagttctgcagccgccacagcaaggccttaaagctctat 
aaggagctgtacgcccgagacaaacgcttccagcaattcatccggaaagtgacccgccccgccgtgctc 
aagcggcacggggtacaggagtgcatcctgctggtgactcagcgcatcaccaagtacccgttactcatc 
agccgcatcctgcagcattcccacgggatcgaggaggagcgccaggacctgaccacagcactggggcta 
gtgaaggagctgctgtccaatgtggacgagggtatttatcagctggagaaaggggcccgtctgcaggag 
atctacaaccgcatggaccctcgggcccaaaccccagtgcctggcaagggcccctttggccgagaggaa 
cttctgaggcgcaaactcatccacgatggctgcctgctctggaagacagcgacggggcgcttcaaagat 
gtgttagtgctgctgatgacagatgtactggtgtttctccaggaaaaggaccagaagtacatctttcct 
accctggacaagccttcagtggtatcgctgcagaatctaatcgtacgagacattgccaaccaggagaaa 
gggatgtttctgatcagcgcagccccacctgagatgtacgaggtgcacacagcatcccgggatgaccgg 
agcacctggatccgggtcattcagcagagcgtgcgcacatgcccatccagggaggacttccccctgatt 
gagacagaggatgaggcttacctgcggcgaattaagatggagttgcagcagaaggaccgggcactggtg 
gagctgctgcgagagaaggtcgggctgtttgctgagatgacccatttccaggccgaagaggatggtggc 
agtgggatggccctgcccaccctgcccaggggccttttccgctctgagtcccttgagtcccctcgtggc 
gagcggctgctgcaggatgccatccgtgaggtggagggtctgaaagacctgctggtggggccaggagtg 
gaactgctcttgacaccccgagagccagccctgcccttggaaccagacagcggtggtaacacgagtcct 
ggggtcactgccaatggtgaggccagaaccttcaatggctccattgaactctgcagagctgactcagac 
tctagccagagggatcgaaatggaaatcagctgagatcaccgcaagaggaggcgttacagcgattggtc 
aatctctatggacttctacatggcctacaggcagctgtggcccagcaggacactctgatggaagcccgg 
ttccctgagggccctgagcggcgggagaagctgtgccgagccaactctcgggatggggaggctggcagg 
gctggggctgcccctgtggcccctgaaaagcaggccacggaactggcattactgcagcggcaacatgcg 
ctgctgcaggaggagctacggcgctgccggcggctaggtgaagaacgggcaaccgaagctggcagcctg 
gaggcccggctccgggagagtgagcaggcccgggcactgctggagcgtgaggccgaagaggctcgaagg 
cagctggccgccctgggccagaccgagccactcccagctgaggccccctgggcccgcagacctgtggat 
cctcggcggcgcagcctccccgcaggcgatgccctgtacttgagtttcaaccccccacagcccagccga 
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ggcactgaccgcctggatctacctgtcactactcgctctgtccatcgaaactttgaggaccgagagagg 
caggaactggggagccccgaagagcggctgcaagacagcagtgaccctgacactggcagcgaggaggaa 
ggtagcagccgtctgtctccgccccacagtccacgaggtgagaccctggcggagacatggaccagagac 
tttaccagaatgcaggacatcccggaggagacggagagccgcgacggggaggctgtagcctccgagagc 
taa 

SEQ ID NO, 2 

MPVTRASQPRKPSSAQQQKAALLKNNTALQSVSLRSKTTIRERPSSAIYPSDSFRQSLLGSRRGRSSLS 
LAKSVSTTNIAGHFNDESPLGLRRILSQSTDSLNMRNRTLSVESLIDEAEVIYSELMSDFEMDEKDFAA 
DSWSLAVDSSFLQQHKKEVMKQQDVIYELIQTELHHVRTLKIMTRLFRTGMLEELHLEPGWQGLFPCV 
DELSDIHTRFLSQLLERRRQALCPGSTRNFVIHRLGDLLISQFSGPSAEQMCKTYSEFCSRHSKALKLY 
KELYARDKRFQQFIRKVTRPAVLKRHGVQECILLVTQRITKYPLLISRILQHSHGIEEERQDLTTALGL 
VKELLSNVDEGIYQLEKGARLQEIYNRMDPRAQTPVPGKGPFGREELLRRKLIHDGCLLWKTATGRFKD 
VLVLLMTDVLVFLQEKDQKYIFPTLDKPSWSLQNLIVRDIANQEKGMFLISAAPPEMYEVHTASRDDR 
STWIRVIQQSVRTCPSREDFPLIETEDEAYLRRIKMELQQKDRALVELLREKVGLFAEMTHFQAEEDGG 
SGMALPTLPRGLFRSESLESPRGERLLQDAIREVEGLKDLLVGPGVELLLTPREPALPLEPDSGGNTSP 
GVTANGEARTFNGSIELCRADSDSSQRDRNGNQLRSPQEEALQRLVNLYGLLHGLQAAVAQQDTLMEAR 
FPEGPERREKLCRANSRDGEAGRAGAAPVAPEKQATELALLQRQHALLQEELRRCRRLGEERATEAGSL 
EARLRESEQARALLEREAEEARRQLAALGQTEPLPAEAPWARRPVDPRRRSLPAGDALYLSFNPPQPSR 
GTDRLDLPVTTRSVHRNFEDRERQELGSPEERLQDSSDPDTGSEEEGSSRLSPPHSPRGETLAETWTRD 
FTRMQD I P E ETE S RDGE AVAS E S 

SEQ ID NO. 3 

RRRSLPAGDALYLSFNPP 

SEQ ID NO. 4 

RQ S LLG S RRGRS SLS LAK 

SEQ ID NO. 5 

RGETLAETWT 

SEQ ID NO. 6 

RBSZXG 

SEQ ID NO. 7 



-53- 



CPRRRSLPAGDALYLSFNPP 
SEQ ID NO . 8 
CRQSLLGSRRGRSSLSLAK 
SEQ ID NO. 9 
CRQSLLGSRRGRSSLSLAK 
SEQ ID NO, 10 

TGTAGATCCTCGGCGGCGCGCTCTCCCCGCA 
SEQ ID NO. 11 

GGTGATGCCCATGGTCTCCAGCAGGAT 
SEQ ID NO. 12 

ATCCTGCTGGTGACCATGGGCATCACCA 
SEQ ID NO. 13 

GCCGTGGCCGCTCCGCCTTGTCTTTA 
SEQ ID NO. 14 

TAAAGACAAGGCGGAGCGGCCACGGC 
SEQ ID NO. 15 

QRITKY 

SEQ ID NO. 16 

GCAGAATTCTGTAACAAGAGCATCACA 
SEQ ID NO. 17 

GCGCTCGAGTTAGCTCTCGGAGGCTACAGCCT 
SEQ ID NO. 18 
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ii 

RRKSLVGT PYWMAPE 
SEQ ID NO. 19 

biotin-LC-LC-RRKSLVG (pT) PYWMAPE , 

SEQ ID NO. 20 

RBSZXL 

SEQ ID NO. 21 

CTPAAPAVPAVPGPPGPRSPQREPQRVSHEQFRAALQLVVDPGDPRSYLDNF 

SEQ ID NO. 22 

RVSHEQFRAALQLWDPGDPRSYLD 
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EXAMPLES 

Example 1 

Cloning of GEF-H1S 

[0161] Primers MC1 GCAGAATTCTGTAACAAGAGCATCACA 
(SEQ ID NO. 16) and MC3b 

GCGCTCGAGTTAGCTCTCGGAGGCTACAGCCT, (SEQ ID NO. 17) 
designed from Accession No. KIAA0651, deposited at the NCBI (National 
Center for Biotechnology Information, USA) were used in a polymerase 
chain reaction (PCR) to amplify the GEF-H1S gene from a human whole 
brain plasmid cDNA library (Clontech laboratories Cat # HL9002CC). 
Twenty-rounds of PCR were performed using EXPAND polymerase (Roche 
Molecular, USA Cat # 1681834). The primer MC1 introduced an EcoR1 
restriction enzyme site in the 5' position and MC3b contains a Xho1 
restriction enzyme site in the 3' position. The sequences of the 
restrictions enymes sites are not part of the native GEFH-1b sequence. 
The resultant PCR product was inserted into an EcoR1 and Xho1 
restriction-digested plasmid vector, pcDNA (Invitrogen Cat # V790-20) 
backbone with a modified multiple cloning site. The GEF-H1S gene was 
then excised using the restriction enzymes Hindlll and Xba1 and inserted 
into a similarly restricted expression vector, pRSV/Rc (Promega, USA). 

Example 2 

Expression and anchorage independent proliferation 

[0162] A stably expressing clone designated 192.58 containing 
GEF-H1S was established in the mouse fibroblast cell line, NIH-3T3. The 
pRSV/Rc subcloned vector expresses the GEF-H1S protein in tissue 
culture cells. 
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[0163] The GEF-H1S clones were plated in tissue culture vessels 
which prevent adherence. Cells over-expressing GEF-H1S are anchorage 
independent . NIH3T3 cells harboring only the vector expression vector 
pcDNA did not transform spontaneously when anchorage was prevented. 
Only the clones harboring the GEF-H1S gene were shown to survive and 
proliferate. Therefore, expression of GEF-H1S allows for anchorage 
independent survival and proliferation of NIH-3T3 cells. The ability for 
cells to proliferate was measured using the tetrazolium salt XTT based 
assay (Roche Molecular Biochemicals Cat # 1465015) which measured 
only metabolically active cells in culture. Measurements were made over 
a time course. 

Example 3 

Effect of GEF-H1S on a Mouse tumor model 

[0164] The 192.58 cells formed tumors when transferred into 
athymic nude mice. Eight mice per group were injected subcutaneously 
with NIH-3T3 cells harboring either a control pcDNA expression vector or 
pcDNA expression vector expressing the GEF-H1S gene. Palpable tumors 
were measured in mice treated with the 1 92.58 cells over a time course. 
No palpable tumors were detected in mice implanted with cells harboring 
pcDNA expression vector. 

Example 4 

GEF-H1S is a substrate for PAK4 

[0165] The reagents used specifically for recovery of the first 
GEF-H1S polypeptide was an expression plasmid pGEX-4T (Amersham 
Biosciences Cat # 27-4581-01) harboring a polypeptide of the catalytic 
domain of PAK4 representing amino acids 291 to 591. This expression 
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vector allowed production and expression of a gene appropriately 
inserted, as a fusion protein where the fusion partner is the protein 
product of the SJ26 gene glutathione-s-transferase (GST). The fusion 
partner GST allows for affinity immobilization on glutathione sepharose 4B 
matrix (Amersham Biosciences Cat # 17-0756-01) also known as 
glutathione beads. The PAK4 polypeptide immobilized to these beads 
was incubated with a lysate containing phage particles expressing a 
library of peptides derived from MCF7 (breast carcinoma tissue culture 
cells available from ATCC, USA) cDNA. See, Zozulya et al. t Nat. 
BiotechnoL, 17(12): p. 1193-8, 1999. Upon sequencing many of the 
candidates obtained in this screen, the GEF-H1S polypeptide was 
discovered in the clone designated 13-8. Sequencing was performed on a 
ABI prizm machine using standard methods provided by the manufacturer 
(Applied Biosystems, USA). 

Example 5 

PAK4 is able to phosphorylate GEF-H1S in vitro 

[0166] The cDNA encoding GEF-H1S obtained in the phage 
display screen was excised and subcloned into pGEX-4T expression 
vector to allow for recombinant production of protein for in vitro 
experiments. The GEF-H1S protein was then mixed with PAK4 kinase 
and incubated such that PAK4 phosphorylated the GEF-H1S. A portion of 
this kinase reaction was separated by SDS-PAGE and autoradiographed 
to visualize the extent of phosphorylation. The autoradiograph showed 
phosphorylation of the GEF-H1S polypeptide and no phosphorylation of 
the fusion partner GST. SDS-PAGE is a universal protein separation and 
visualization technique that is described in Laemmli, Nature, 
227(259):680-5, 1970. 
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Example 6 

Serine 810 and Serine 67 of GEF-H1S is phosphorylated by PAK4 in vitro 

[0167] From the phosphorylation experiments described above, 
two peptides of GEF-H1S were identified as being targets for PAK4- 
induced phosphorylation. The GEF-H1S target residues were identified by 
aligning the PAK4 activation loop peptide with the GEF-H1S polypeptide 
sequence amino acids 762 to 921 . In vitro kinase assays subsequently 
showed that GEF-H1S peptides PRRRSLPAGDALYLSFNPP (SEQ ID NO. 3) 
and RQSLLGSRRGRSSLSLAK (SEQ ID NO. 4) are phosphorylated by 
PAK4. 

[0168] The extent of phosphorylation of these peptide substrates 
was compared visually by autoradiography and a consensus of substrate 
phosphorylation empirically determined. A consensus sequence could 
predicted to be, for instance, RBSZX[G/L], where R is the amino acid 
arginine; B is any basic amino acid; S is the amino acid serine; Z is any 
hydrophobic amino acid; X is any amino acid, G is glycine and L is 
leucine. Identification of the amino acid residue was performed by kinase 
assay using PAK4 as the enzyme and isomers of predicted substrate 
regions of GEF-H1S. 

[0169] The following phosphoisomers (phosphate-modified GEF- 
H1S peptides) were used in PAK4 kinase assays to determine which 
residues were specifically phosphorylated. Because certain residues were 
modified to comprise a phosphate moiety (the underlined residues below), 
they could not be phosphorylated by PAK4. These results revealed that 
serines 810 and 67 of GEF-H1S are phosphorylation sites for PAK4. 
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Identifier 








Peptide sequence 


Region of protein 


681 


(SEQ 


ID 


NO. 


18) 


RRKSLVGTPYWMAPE 


PAK4 activity loop 


1008 


(SEQ 


ID 


NO. 


3) 


RRRSLPAGDALYLSFNPP 


GEF-HK807-824) 


1009 


(SEQ 


ID 


NO. 


3) 


RRRSLPAGDALYLSFNPP 


GEF-HK807-824) 


1010 


(SEQ 


ID 


NO. 


3) 


RRRSLPAGDALYLSFNPP 


GEF-HK807-824) 


1412 


(SEQ 


ID 


NO. 


4) 


RQSLLGSRRGRSSLSLAK 


GEF-H1 (55-72) 


1413 


(SEQ 


ID 


NO. 


4) 


RQSLLGSRRGRSSLSLAK 


GEF-H1 (55-72) 


1414 


(SEQ 


ID 


NO. 


4) 


RQSLLGSRRGRSSLSLAK 


GEF-HK55-72) 



Example 7 
GEF-H1S interacts with PAK4 



[0170] Additional evidence that GEF-H1S is a substrate for 
PAK4, was obtained using the GST immobilization technique described 
above to show interaction of GST-immobilized GEF-H1S with different 
alleles of PAK4 expressed in 293T cells. Immunoprecipitation techniques 
both for protein affinity and antigen antibody mediated 
immunoprecipitation are described in Lew et al., J. Immunol. Methods, 
136(2):21 1-9, 1991; and Anderson et al., Methods Enzymol., 96:111-20, 
1983. 

[0171] The GST immobilized GEF-H1S polypeptide was used to 
conduct immunoprecipitation from the 293T cell extracts. The resulting 
protein complexes on the beads were identified by separating on SDS- 
PAGE followed by Western blotting to identify proteins that are present. 
The Western blot technique (Renart et al., Methods Enzymol., 104:455- 
60, 1 984) is universally used to identify proteins using specific 
immunoreagents like antibodies. The PAK4 protein was fused to this myc 
affinity tag, Cravchik et al., Gene, 1 37(1 ):1 39-43, 1993, and PAK4 
alleles were shown to be present using the monoclonal antibody specific 
for the myc affinity tag. The detection of PAK4 after immunoprecipitation 
with the immobilized GEF-H1S on the GST beads showed a physical 
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interaction between these two proteins in a solution of cellular proteins. 
PAK4 was not present after immunoprecipitation with immobilized fusion 
partner GST. This interaction was limited by the presence or absence of 
GEF-H1S. 

Example 8 

GEF-H1S as a mechanism-based biomarker for PAK4 kinase activity in 

tumors 

[0172] Antibodies specific for PAK4 were generated in rabbits by 
immunizing rabbits with the KLH conjugated peptide 

CSGDRRRAGPEKRPKSS, which is part of the PAK4 protein, conjugated to 
KLH. See, Nims et al. t 1973. 23(3):391-6; and Hashimura et ah 1982. 
Antibodies specific for GEF-H1 were also generated in rabbits by 
immunizing with the GST-GEF-H1S polypeptide which comprises amino 
acids 762 to 921 . 

[0173] The PAK4 antibody serum was linked (by interaction of 
the Fc portion of the immunoglobulin of the IgG isotype to Protein G of 
S. Aureus) to Protein G beads (Roche molecular, USA Cat# 124 3233). 
The PAK4 antibody laden beads where mixed with cellular lysates of three 
human tumor cell lines A549, HCT1 1 6 and H1 299 (ATCC, USA). The 
resulting immunoprecipitate was separated on SDS-PAGE and subjected 
to western blot. The GEF-H1 specific antibody was shown to 
immunoprecipitate endogenous GEF-H1 . This result confirms the 
presence of GEF-H1 S in the three tumor cell lysates. The interaction of 
endogenous PAK4 was demonstrated by the detection of endogenous 
GEF-H1 in the Western Blot when probed with the GEF-H1 specific 
antibody. The interaction is limited by the presence and absence of 
PAK4. 



-61- 



Atty. Dkt. No.: 038602-1610 

Example 9 

GEF-H1S Phosphospecific Antibodies are a tool for monitoring PAK4 

kinase activity in tumors 

[0174] KLH conjugates peptides CPRRRSLPAGDALYLSFNPP 
(SEQ ID NO. 7), CRQSLLGSRRGRSSLSLAK (SEQ ID NO. 8) and 
CRQSLLGSRRGRSSLSLAK (SEQ ID NO. 9) were used to generate 
antibodies in rabbits. The bold, underlined serine residues, "S," denote 
residues modified by phosphate. "Anti-1009" is an antibody that detects 
GEF-H1 protein phosphorylated at serine-810 of SEQ ID NO. 7. 
Antibodies that are raised against peptides comprising the sequences 
described in SEQ ID NOs. 8 and 9, recognize the serine-67 
phosphorylated forms of the GEF-H1 peptides. 

[0175] The ability of the anti-sera to recognize serine-810 
phosphorylated GEF-H1S protein was demonstrated in an experiment 
where 293T cells (ATCC, USA) were transiently transfected to 
simultaneously express GEF-H1S and different alleles of PAK4. 

[0176] In this experiment GEF-H1S expression vector was 
pRSV/Rc and the PAK4 expression vector was pcDNA. Lysates were 
prepared from the transfected 293T cells and analyzed by Western Blot 
using the anti-1009 reagent. The results demonstrate a marked increase 
in phosphorylated GEF-H1S above the basal phosphorylation(means a 
portion of the GEF-H1S is already phosphorylated by the endogenous 
kinase) in the presence of wild type PAK4 (1-591) and PAK4 mutant, 
S474E, and a marked decrease in the level of phosphorylation in the 
presence of PAK4 kinase dead K350,351A. These phosphospecific 
antibodies can be used to detect PAK4 activity in tumors by virtue of its 
specific phosphorylation of GEF-H1. 
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Example 10 

Construction of GEF-H1S alleles 

[0177] The following list refers to alleles representing wild type, 
S810A and QR31 2,31 3MG mutant GEF-H1S alleles constructed in the 
present invention. With respect to the latter allele, glutamine 312 and 
arginine at 313 of the GEF-H1S protein were mutated to methionine and 
glycine respectively, hence the designation, "QR31 2,31 3MG." Similarly, 
"S810A" indicates that serine residue at amino acid position 810 of the 
GEF-H1S protein was mutated to an alanine. Mutagenesis was performed 
by either PCR reaction or site directed mutagenesis. 

Amino acids Alleles 

1-921 wild type, S810A , QR31 2,31 3MG, S67A 

1 -386 wild type 

386-921 wild type 

123-921 wild type,S810A 

51-921 wild type,S810A 

94-486 wild type 

Oligonucleotides used in mutagenesis : 

[01 78] MC27 TGTAGATCCTCGGCGGCGCGCTCTCCCCGCA 
(SEQ ID NO. 10). The "GCT" bolded residues denote a Xholl site, which 
changes the codon for Ser810 to Alanine. This was paired with MC3b 
and used in a PCR reaction creating a fragment which when restricted 
with Xholl and Xhol could be replaced with wild type cDNA fragment in 
the plasmid containing cDNA sequence coding for amino acids 386- 
921 (restricted with BamH1 and Xhol). The resulting newly constructed 
plasmid contained an alanine in position 810 of GEF-H1S. This mutant 
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polypeptide was excised with Bcl1 and Xho1 and joined to a EcoR1 BcM 
fragment which constitutes the remainder of gene making it full-length. 

[0179] MC40 GGTGATGCCCATGGTCTCCAGCAGGAT (SEQ ID 
NO. 1 1) paired with MC1 and MC41 

ATCCTGCTGGTGACCATGGGCATCACCA (SEQ ID NO. 12) paired with 
MC3b were used in separate reactions to create overlapping fragments 
which could be joined by restricting with EcoR1, Nco1 and Xho1 . MC40 
and MC41 contain codons which produce the QR31 2,31 3MG mutant 
allele. 

[0180] MC57 GCCGTGGCCGCTCCGCCTTGTCTTTA (SEQ ID 
NO. 13) and MC58 TAAAGACAAGGCGGAGCGGCCACGGC (SEQ ID NO. 
14) were used in a site directed mutagenesis reaction (Stratagene Cat# 
200519, USA) which resulted in plasmid where an Alanine was placed in 
position 67. This reaction was performed in pBLUESCRIPT vector 
containing the fragment encoding the polypeptide 1-386. This piece was 
joined to the remainder of the GEF-H1 alleles (wild type, S810A, 
QR31 2,31 3MG) by restriction with EcoR1, Sad and Xho1 . 

Example 1 1 

Analysis of GEF-H1S alleles 

[0181] Signal transduction involving the Rho family of GTPases is 
involved in a wide range of cellular responses, such as reorganization of 
the actin cytoskeleton, gene expression, apoptosis, membrane trafficking 
events, mitogenic signaling and malignant transformation. Typically, 
mutations within the highly conserved "QRITKY" (SEQ ID NO. 15) motif 
of the DH domain renders the protein incapable of binding the Rho 
GTPase protein and therefore enzymatically inactive. 
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[0182] In vitro transformation assays, according to the method 
of Clark et al, Methods EnzymoL, 225:395-412, 1995, showed that wild 
type GEF-H1S is able to induce foci in NIH3T3 cells. Co-transformation 
assays between activated Ras with titrations of GEF-H1S wild type and 
GEF-H1S QR312,MG313 showed that GEF-H1S synergizes with activated 
Ras, however GEF-H1S QR31 2,MG31 3 inhibits foci formed by activated 
Ras. 

[0183] Example 12 

[0184] Localization and morphological changes 

[0185] GEF-H1S alleles were transiently expressed in NIH3T3 
cells or simultaneously expressed with PAK4 alleles. The GEF-H1S alleles 
were retrieved from the pcDNA vector by restriction with EcoR1 and 
Xho1 and inserted into pEGFP-C1 (Clontech,USA Cat#6082-1) restricted 
with EcoR1 and Sail. The resulting protein was a hybrid of the brightly 
fluorescent protein, green fluorescent protein (GFP). The effects on cell 
morphology were traced by staining of F-actin with coumarin phallacidin 
(Molecular Probes, USA, Cat. # C-606). For experiments demonstrating 
co-localization with PAK4, PAK4 was in the pcDNA expression vector 
with either a myc or HA affinity tag and is detected by the monoclonal 
antibody, "9E10" or "HA7," sandwiched with goat anti-mouse linked with 
rhodamine (Santa Cruz, USA) which fluoresces red. Wild type GEF-H1S 
was localized at the perinuclear region of the Golgi apparatus. See, 
Callow et aL, 2002. This finding was consistent with GEF-H1S being a 
substrate for PAK4, because activated PAK4 is also localized to the Golgi 
apparatus. 

[0186] The phosphorylation mutant S810A, however, was 
localized to the cytoplasm, indicating that phosphorylation of S810 is 
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important for localization of GEF-H1S. The DH mutant QR31 2,MG31 3 
was also found to be localized in the cytoplasm and displayed a staining 
pattern of cytoplasmic aggregates. These observations were specific for 
GEF-H1S alleles since GFP itself did not localize to any similar cellular 
compartments. 

[0187] Expression of the PAK4 wild type allele simultaneously 
with the GEF-H1S wild type allele in NIH3T3 cells induced formation of 
peripheral actin microspikes similar to those attributed to overexpression 
of the Rho GTPase Cdc42. This suggests an important role for both 
PAK4 and GEF-H1S in the formation of these structures. Simultaneous 
expression of activated PAK4 S474E and GEF-H1S caused the formation 
of lamellipodia which further implicate PAK4 and GEF-H1S as a complex 
of proteins that are involved in RhoGTPase signaling. See, Nobes et al., 
Biochem Soc Trans., 23(3):456-9, 1995. These actin-based 
morphologies were specific to the combined PAK4 kinase and GEF-H1 
exchange activity, because there was no actin-based structures when 
inactive kinase was expressed with wild type GEF-H1 . Similarly the 
combination of PAK4 and the exchange factor inactive mutant prevented 
the formation of actin based structures. 

[0188] Example 13 

[0189] This example contains additional information about certain 
methods described herein. 

Cloning of GEF-H1 

[0190] Plasmid pGEX-4T (Amersham Biosciences Cat # 27-4581- 
01) expressing a polypeptide of the catalytic domain of PAK4 (amino 
acids 291-591) was used as a bait in a phage display screen for protein 
interactors. The phage display library was derived from the breast tumour 
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line MCF-7 . Sequences from the phage plasmids were used to query the 
database at the National Centre for Biotechnology (NCBI) using Basic 
Local Alignment Search Tool (BLAST). Two of the cDNAs matched 
>99% identity with the cDNA denoted KIAA0651 (Genbank accession 
number: AB014551) and several overlapping expressed sequence tags 
(ESTs). During cloning of GEF-H1 it was found that the gene had three 
major splice isoforms, GEF-H1M, GEF-H1S and GEF-H1U. The GEF-H1S 
(amino acids 1-921) isoform differs from GEF-H1M splice-forms due to a 
mini-exon of 7 amino acids as well as the lack of the exon that encodes 
for the N-terminal zinc finger domain. The splice-form referred to as GEF- 
H1M contains the zinc finger region involved in microtubule binding and is 
identical to the full length version (aa1-985) referred to as GEF-H1 . In- 
frame sequences were subcloned into pGEX-4T for substrate analysis. 

DNA plasmids and constructs 

[0191] To obtain GEF-H1S, the oligonucleotides MC1 
GCAGAATTCTGTAACAAGAGCATCACA and MC3b 

GCGCTCGAGTTAGCTCTCGGAGGCTACAGCCT, derived from sequence 
KIAA0651, were used in 20 rounds of Polymerase Chain Reaction (PCR) 
to amplify the gene from a human whole brain plasmid cDNA library 
(CLONTECH laboratories Cat# HL9002CC). A -3000 bp fragment was 
obtained, subcloned and three clones sequenced yielding identical results. 
An EcoR1- Xho1 was used for subcloning in frame into a pcDNA vector 
harbouring the HA-epitope 5' to the MCS. EcoR1 - Xho 1 fragment from 
pcDNA clones were used for shuttling all GEF-H1 alleles to in frame Eco- 
R1-Sal 1 digested pEGFPC (Clontech) respectively. 

[0192] Mutant S810A was introduced by PCR reaction with 
oligos MC27 TGTAGATCCTCGGCGGCGCGCTCTCCCCGCA and MC3b. 
The mutant insert was introduced to a deletion mutant of GEF-H1S 
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spanning nucleotides 1 100 - 2761 and wild type BamH1 -Xho1 fragment 
was substituted with mutant Xholl and Xhol fragment. Oligonucleotides 
MC40 GGTGATGCCCATGGTCTCCAGCAGGAT, MCI, MC 41 
ATCCTGCTGGTGACCATGGGCATCACCA and MC3b were used to create 
overlapping EcoR1-Nco1 and Nco1-Xho1 fragments to convert QR 
residues to MG in the highly conserved QRITY motif of the DH domain. 
S67A was created using oligos MC57 
GCCGTGGCCGCTCCGCCTTGTCTTTA and MC58 
TAAAGACAAGGCGGAGCGGCCACGGC and pBluescipt GEF-H1S 
spanning 1- 626 as a backbone in a site directed mutagenesis reaction 
(Stratagene). This mutant fragment was digested with EcoR1 - Sad and 
joined to the remainder of the gene with a Sac-Xho1 generated fragment 
from mutant and wild type alleles. Since GEF-H1M and S proteins differ 
only in their amino termini it was generated as a hybrid by joining mutant 
and wild type sequences derived from GEF-H1S. The unique 5' sequence 
was generated with the oligonucleotides MC61 
GCGGAATTCATGTCTCGGATCGAATCCCTCA and MC62 
GTCACTGAGCTCGTCCACGCAGGGGA in a PCR reaction using IMAGE 
clone 41 57775(Research genetics) as a template. 

Preparation of recombinant proteins, sequence of peptides and 
kinase assays 

[0193] Glutathione-s-transferase (GST) fused PAK4 (residues 
291-591), GEF-H1 amino acids 763-921 (from phage clone 13.8 
sequence, matches KIAA0651) and Maguin 2-like (from phage clone 
13.32, sequence matches accession # XP-087831) were purified by 
standard procedures and as previously described 31. Amino acid 
sequence of peptides spanning GEF-H1 b 807-824 #1008 
(RRRSLPAGDALYLpSFNPP), #1009 (RRRpSLPAGDALYLSFNPP), #1010 
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(RRRSLPAGDALpYLSFNPP ) and #934 (RRRSLPAGDALYLSFNPP) used for 
in vitro kinase assays. In vitro kinase reactions were run as described 
previously 31 . 

Antibodies and immunoreagents 

[0194] KLH linked peptide (#1009) CRRRSLPAGDALYLSFNPP 
(residues 807-824) with a phosphorylated serine in position 810 and 
(#104) GST-GEF-H1 (residues 762-921) were used as antigens to raise 
anti-serum in rabbits. PAK4 antibodies were derived from the antigens 
(#933) CATTARGGPGKAGSRGRFAGHSEA (residues 122 - 144) and 
(#80) CSGDRRRAGPEKRPKSS (residues 148 - 163). Specificity was 
analysed as described previously. Goat anti-mouse and anti-rabbit IgG 
horseradish peroxidase conjugates were from Roche molecular. Goat anti- 
mouse and anti-rabbit linked to fluorophores FITC or rhodamine were from 
Santa Cruz biotechnology and Mouse anti- -tubulin was from Zymed. 
Coumarin-phallicidin and Phalloidin-FITC were from molecular probes. 
Mouse anti- cascade blue and the fluorescent dyes; Texas red, FITC or 
marina blue were obtained and conjugated to antibodies according to the 
manufacturer. The solutions of cross-linking reagent were quenched by 
desalting through G25 sephadex and mixing with ammonium chloride to a 
final concentration of 50mM. 

Cell transfections and immunofluorescence 

[0195] NIH-3T3, 293T, A549, HCT1 16 and H1299 cells were 
maintained in Dulbecco's modified Eagles medium (DMEM) 10% Fetal 
Bovine serum (FBS), penicillin and streptomycin from Invitrogen (Carlsbad, 
CA). For transfection, cells were seeded at 105 cells ml-1 for NIH-3T3 
and 104 cells ml-1 for both 293T and H1299 unless otherwise stated. 
Transfection reagents Lipofectamine 2000 (Invitrogen) or Fugene (Roche 
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Molecular) were used at 3jag |ag" 1 of plasmid DNA. Cellular extracts for 
immunoblotting were prepared in lysis buffer. For immunoprecipitation 
experiments lysates were incubated with Protein G beads (Pharmacia) 
linked with appropriate antibody, glutathione sepharose beads (Pharmacia) 
with appropriate GST fusion protein and streptavidin beads (Pierce) linked 
to appropriate biotinylated peptides. For immunofluorescence, coverslips 
were placed in 24 well cell culture vessels and seeded at the densities 
above. Transfections took place after 1 6 h and unless otherwise stated 
were maintained in Optimem or DMEM with 0.2%FBS for 24 h until 
fixation. Microscopy was performed on a Nikon E800 microscope with 
60X objective (1 .5NA). Images were captured with a CCD SPOT camera 
and pseudo-coloured with SPOT imaging software (Diagnostic 
instruments). 

Example 14 

Measuring PAK4 kinase activity in whole cells using ELISA 

[0196] The level of PAK4-dependent phosphorylation of GEF-H1S 
can be determined by monitoring the binding of a phosphospecific 
antibody to GEF-H1S according to the following protocol. ELISA plates 
(Corning, 96 well plates, Cat. # 25805-96) were pre-coated with anti-HA 
monoclonal antibody at 5|ag/ml in PBS, using 100jal final volume per well 
and stored overnight at 4°C. The coating buffer was then removed and 
replaced with blocking buffer (2% BSA in TBST) and the entire plate then 
shaken at room temperature for 60 minutes. 

[0197] Tissue culture plates were then coated with poly-L-lysine, 
using 50 jal per well and then incubated at 37°C for 30 minutes. The 
plates were then rinsed with PBS, extra liquid aspirated off and allowed to 
dry fully before use. When dry, TR-293-KDG cells were seeded into each 
well at 2 x 10 +4 cells per well in a 100 |al volume of DMEM and 10% 
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Clontech-approved FBS, and left to incubate at room temperature for at 
least 2 hours. At that time, the medium was removed and replaced with 
100 \x\ of low-serum medium (DMEM, 0.2% BSA and 1 % Clontech- 
approved FBS), that was supplemented with 1 \xg/m\ of doxycycline. The 
negative control wells were not treated with doxycycline. 

[0198] The next day, candidate substances were diluted as 
required in a solution containing 0.2% BSA, 10mM HEPES and 1 |ag/ml of 
doxycycline. A candidate substance were diluted by first preparing a 
10mM stock of the substance in 100% DMSO. 5 |ul of that solution was 
then added to 1 5 \x\ of DMSO to prepare a 2.5 mM (SOX concentration) 
solution. 6 jil of this final solution was then transferred to a well of a 
polypropylene plate, to which 300 |il of medium was added. 100 jllI of 
the solution in the well was then added to each well containing cells, by 
removing the medium coating the cells and the solution containing the 
dilutions of the candidate substance gently added. 

[0199] Fresh HNTG p,us solution was then prepared by adding 1 
tablet of "complete mini" protease inhibitor cocktail (Roche) to 10 ml 
water, 200 |ul of p-glycerophosphate (final concentration, 1M), 100 \i\ of 
NaF (final concentration, 1M), and 10 |al of NaaVCU (final concentration, 
1M) and kept on ice. After the cells had been incubating for 3 hours with 
the diluted candidate substance, the medium was removed and the plate 
transferred onto ice. 100 jil of the fresh HNTG plus solution was then 
added to each well containing cells and shaken in a cold room for 10 
minutes. During this time, the BSA from the ELISA plates was pipetted 
off and washed twice with TBST. 

[0200] 50 [i\ of a cell lysate was then transferred from the tissue 
culture plate to a washed well of the ELISA plate and shaken at room 
temperature for 60 minutes. Then, the cell lysate was removed and the 
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wells of the ELISA plate washed three times with TBST. 100 jal of 
freshly-diluted anti-pGEF antibody (1 :5000) was then transferred to each 
well of the ELISA plate and shaken at room temperature for 60 minutes. 
The antibody solution was removed and the wells washed four times with 
TBST. Then, 100 ^1 of freshly-diluted HRP-GaR (1 :1 0,000) was added to 
each well of the ELISA plate and shaken at room temperature for 45 
minutes. This solution was then removed and the wells washed four 
times with TBST, followed by one wash with PBS. ABTS solution was 
then added to the plate at 100 jal per well. The ELISA plate was then 
incubated at room temperature and shaken for between 10 and 20 
minutes. 

[0201] After that time, the ELISA plate was placed onto a Tecan 
Sunrise plate reader and measurements recorded using a measurement 
filter 405 nm with a reference filter of 620 nm. 

[0202] Example 15 

[0203] Measuring the in vitro kinase activity of human PAK4 using a 

Scintillation Proximity Assay 

[0204] The Scintillation Proximity Assay (SPA) is used to analyze 
protein serine/threonine kinase activity of PAK4 in vitro. The protocol 
involved adding 10 jjlI of inhibitor solution to each well of a flexiplate 
(Wallac 96-well polyethylene terephthalate ("flexi") plate, Cat. # 1450- 
401), using 10 |ul of 5% DMSO for positive and negative controls. 

[0205] PAK4 enzyme was added to the wells of the flexiplate at 
concentrations that were determined empirically. PAK4 enzyme was 
purified from BL21 cells. At the time of this experiment, the 
concentration of PAK4 kinase enzyme added to the wells was 0.1 jag per 
well in a volume of 20 The concentration will vary with various 
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preparations of enzyme. Accordingly, the skilled artisan would know how 
to titrate the enzyme preparation and determine a timecourse of linear 
kinase activity for particular preparations of the kinase. 20 |ul of 0.5M 
EDTA is added to the negative control wells. The substrate was a PAK4 
peptide that is known to be phosphorylated by PAK enzyme, consisting of 
the structure, 

[0206] biotin-LC-LC-RRKSLVG(pT)PYWMAPE (SEQ ID NO. 19) 

[0207] The eighth amino acid of the PAK4 peptide, threonine, 
was a phosphothreonine, and the entire peptide was dissolved in water to 
a final concentration of 5 mg/ml and stored at -80°C in 100 jJ aliquots 
until needed. However, the invention contemplates that any peptide that 
is believed to be, or is, phosphorylated as a substrate by PAK kinase (e.g. 
PAK4) can be used instead of the PAK4 peptide. For instance, the GEF- 
H1S peptides represented by SEQ ID NOs. 3 and 4 can be used as a 
PAK4 substrate. 

[0208] 2.5 X kinase buffer was used to facilitate PAK4 kinase 
activity and contained working concentrations per well of 50 mM HEPES 
(pH 7.4), 12.5 mM of MgCb, 375 mM KCI and 2.5 mM NaF. Typically, 
10 ml of kinase buffer is sufficient for approximately 4.5 plates of 
reactions. The final concentrations of these constituents, following 
additions of candidate substance and ATP, are 20 mM HEPES (pH 7.4), 5 
mM MgCb, 1 50 mM KCI and 1 .0 mM NaF. 

[0209] To start the kinase reaction, 20 \i\ of PAK4 biotinylated 
peptide/ATP solution was added to the wells of the plate and incubated at 
room temperature for 30 minutes, without shaking, and positioned behind 
a reactive shield. The peptide/ATP solution contained working 
concentrations (i.e., concentrations per well) of 1.4 |aM cold (i.e., non- 
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radioactive) ATP, 0.1 (ag per well of Paktide and 0.33 jaCi per well of 
radiolabeled, y 33 P-ATP (NEN Easy-Tide, Cat. # NEG602H). After 30 
minutes, 200 jul of stop solution was added to each well and the plate 
allowed to stand for at least 15 minutes. "Stop" solution contained 
working concentrations per well of 50 ^iM ATP (unlabeled), 5 mM EDTA, 
0.1 % Triton X-100 and 0.5 mg of SPA beads, made up in PBS buffer 
solution. PBS (Dulbecco's Phosphate-Buffered Saline) without magnesium 
or calcium was obtained from Gibco BRL (Cat. # 14190-144). The beads 
were obtained from Amersham (Amersham streptavidin-coated 
polyvinyltoluene SPA beads, Cat. # NIF 1077). The beads were 
reconstituted in PBS without magnesium or calcium to a stock 
concentration of 20 mg/ml and stored at 4°C. 

[0210] The plate was then centrifuged/spun at 2300 rpm for 
between 10 and 15 minutes and then transferred to a Trilux plate reader 
and the radioactivity counts recorded accordingly. 

[0211] Example 17 

[0212] Induction of the serum response element 

[0213] Activation of the transcription factors which converge on 
the serum response element (SRE) can be attributed to Ras activation, 
which is observed in as many as 50% human colon carcinomas. See, 
Gauthier-Rouviere et al., Embo J., 9(1):171-80, 1990. 

[0214] Signaling to the SRE by GEF-H1S and PAK4 activity 
downstream of ras and rho proteins was determined by using a pSRE- 
SEAP vector system (Clontech, USA). This assay was performed in 
NIH3T3 cells using standard transfection methods. The inactive GEF-H1S 
allele, QR31 2,31 3MG, reduced levels of activated rac RhoGTPase in 
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stimulated cells. See, Taylor et a/., Methods EnzymoL, 333:333-42, 
2001. 

[0215] Furthermore, signaling to SRE is reduced almost to basal 
levels by transient expression of the inactive mutant allele GEF-H1S 
QR312,313MG and phosphorylation mutant S810A. 

Example 18 

Morphological changes mediated by GEF-H1 alleles 

[0216] To analyse the effect of GEF-H1 on cell morphology in 
fibroblasts, EGFP (enhanced green fluorescent protein) fusion constructs 
of GEF-HIS and a series of mutant alleles of the PAK4 phosphorylation 
sites in GEF-HIS were transfected into NIH3T3 cells. Also constructed 
was a dominant negative allele, made by mutating the DH domain of GEF- 
Hl, which produced the mutant, GEF-H-QR3I2,31 3MG. In a p21 -binding 
domajn (PBD) assay this dominant-negative allele inhibited accumulation 
of Rac-GTP but not Cdc42-GTP in NIM-3T3 cells. The actin cytoskeleton 
was stained with coumarin-phallicidin to contrast F-actin structures of 
EGFP fluorescing cells by microscopy. 

[0217] It was found that wild type GEF-H1S typically localized to 
the perinuclear region and cells appeared elongated with occasional stress 
fibres. By contrast over-expression of GEF-H1 S-S8I0A alone lead to an 
accumulation and disorganized array of stress fibres compared to non- 
transfected cells. The induction of stress fibres is striking given the 
relatively modest effects on the actin cytoskeleton upon expression of 
either wild type GEF-HIS or PAK4 alleles alone. The morphology of GEF- 
HIS-S67A expressing cells was similar to the morphology of cells 
expressing the dominant negative GEF-H1S DH mutant. 
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[0218] Expression of the DH domain mutant GEF-HIS- 
QR31 2,31 3MG, creates a trail of wildly distributed cytoplasmic 
extensions. The induction of stress fibres in the case of GEF-HIS-S81 OA 
is reminiscent of Rho activation, while the disorganized cytoplasmic 
extensions seen with GEF-HI- Q31 2R,M31 3G and GEF-H1 S-S67A could 
be remnants of non-retracted cell tails that might be due to Rho inhibition. 

[0219] The changes in localization and the actin cytoskeleton is 
especially dramatic in the double mutant of GEF-H1 S-(S67A-S81 OA). 
Cytoplasmic aggregates of F-actin were found inEGFP-GEF-HIS (S67A- 
S810A) expressing cells, as well as wide-arcing lamella devoid of F-actin. 
The redistribution of the phosphorylation-site mutant proteins and 
inappropriate accumulation of cytoplasmic F-actin, supports the idea that 
localization is critical for the ability of GEF-H1 to stimulate stress fibres. 

Example 19 

Activated PAK4 and GEF-HIS induce lamellipodia formation in NIH-3T3 

cells 

[0220] Induction of F-actin structures in fibroblasts, namely the 
formation of filopodia, lamellipodia, and stress fibres is due to signalling 
by the active forms of Cdc42, Rac, and Rho, respectively. PAK proteins, 
especially PAK4, play a role in regulating F-actin based morphological 
structures. Accordingly, PAK4-induced changes in cell morphology, 
mediated by regulation of GEF-HIS, were investigated. EGFP-GEF-HI 
constructs were co-expressed with various HA epitope-tagged PAK4 
alleles in NIH3T3 cells. Exogenous PAK4 was detected with an anti-HA 
antibody and the actin cytoskeleton was stained with coumarin 
phallicidin. Although NIH-3T3 cells have low but detectable levels of 
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endogenous PAK4 and GEF-HI, these were not activated under the 
conditions of the experiment. 

[0221] By employing various alleles of PAK4, it was possible to 
confirm which morphological effects were driven through PAK4 
phosphorylation of GEF-H1 . Co-expressing the PAK4 alleles with the 
EGFP control produced relatively modest effects on the formation of F- 
actin based structures in NIH3T3 cells. In cells co-expressing wild-type 
PAK4 together with wild.type GEF-HIS, we observed a dramatic increase 
in filopodia in contrast to either PAK4 or GEF-H1S expressed alone. The 
filopodial structures seemed to be dependent on the lower activity of the 
wild type PAK4 allele and the interaction with GEF-H1S since they were 
not observed when either protein was expressed in cells alone or in vector 
co-transfected controls. In cells co-expressing the activated PAK4 S474E 
and GEF-HIS, these structures transitioned from filopodia to lammellipodia 
at the leading edge. Neither filopodia nor lammellipodia were observed 
when GEF-HIS was transfected together with the kinase inactive PAK4 
K350,351 A however stress fibres were now abundantly present. Taken 
together with the analysis of the rAK4 phosphorylation site mutants in 
GEF-HIS, this suggests tllat PAK4 kinase activity is responsible for the 
transition to lamellipodia formation. 

[0222] To confirm whether the formation of these structures is 
dependent on the ability of PAK4 to phosphorylate GEF-HIS, 
phosphorylation site mutants of GEF-H1S were utilized. Co- transfection 
of a mutant GEF-H1 S- S810A allele together with PAK4 S474E shows a 
profusion of stress. This together with the result from the kinase-dead 
allele prompted the hypothesis that phosphorylation of Ser 810 is 
responsible for both the signals that lead to lamellipodia formation, and 
for the inhibition of stress fibre formation in fibroblasts. Additionally 
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PAK4 S474E and GEF-H1S S810A localized to distinct peripheral sites 
reminiscent of cell adhesion attachment sites that serve as nucleation 
points for actin stress fibres. This type of localization of GEF-HI has also 
been seen in HeLa cells. Conversely to the effects seen by mutation of 
5810, co-expression of mutant GEF-H1 S-S67 A with activated PAK4- 
S474E allows GEF-H1 dependent formation of lamellipodia while 
preventing stress fibre formation. 

[0223] Exchange activity of GEF-HI is achieved through the 
interaction of the Dbl homology (DH) domain with the Rac or Rho 
GTPases in their inactive state. To determine whether GEF-HIS mediated 
effects driven by PAK4 phosphorylation are dependent upon GEF-HIS 
exchange activity NIH-3T3 cells co-expressing the GEF-H1S dominant 
negative DH mutant (Q3I2M,R3I3G) with various alleles of PAK4, were 
examined. Consequently, wide-arcing lamella lacking actin were 
observed, which is in contrast to the actin rich lamellipodia or stress fibres 
formed in the presence of active alleles of GEF-HIS and activated PAK4. 
The result confirms that PAK4 signals are relayed directly through the 
exchange activities of GEF-HI. A previous study of GEF-H1 showed 
constitutive lamellipodia induction in Cos-7 cells by overexpression of 
GEF-HI14. 
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F~a<tin Microtubule 

occassional stress fibers radial array 


GEF-H1 sBi oa phosphorylation non-oolarized 


profusion of stress fibers disorganised 


GEF-H 1 S Q3i2Mwi3G Exchange mutant non-polarized 


cytoplasmic protrusions/ disorganised 
no actin structures/ 
un retracted tails. 


GEF-H15 &67A phosphorylation non-polarized 


cytoplasmic protrusions/ concentric/peri- 
no actln structures nuclear arrav 


GEF-H1 S s67,oioa phosphorylation polarized 


cytoplasmic aggregates radial array 



GEF-H1M wild type polarized stress fiber hato radfai/membrane 



concentric 

Description of morphologies for each GEF-H1 allele observed in a majority of transacted cells. 
ZF* =2inc finger 
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disorganized.. , 


GEF-H1 SWA 
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concentric/peri- 
nuclear array . 
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non-polarized 
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occasional stress fibers 


radial 



GEF-H1M PAK4S474E non-polarized peripheral lammellipodia disorganized 

GEF-Hl M* PAK4 K35Q.351A polarized stress fibers radial 



Typical morphologies arising from a majority of co-expressing cells 
*data not shown 



